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DESCRIFTION: MASS-COORDINATE DATA FILE ¢

STATUS:

-

All component weights were recorded on the parts list (TDF, Dwqg.
12585710-123) as they became known. This data, along with CAD-
calculated wvalues of individual component center of gravities,
was entered into data files compatible with a C6 and inertia-—-
calculating computer program on the VAX called GRAVITY.BAS.

i i]m e e

To simplify the stability analysis, component inertias about

C e e

their own centers of aravity was neglected. The stability
program (HOFP.BAS) which reads in this data does, however,
calculate the system inertia from the pivot point for hop. A

better approximation of the tube inertia 1is used in this
calculation. It has been estimated when the values for component
inertias are ignored the resulting system inertia value is
approximately 10 percent low.

The coordinate system used in all calculations is defined as
follows:

Origin - defined as the intersection of the barrel center line W
with the trunnion center at the trunnion height (18.25 inches off gt
ground).

X - the line in the horizontal plane perpendicular to the barrel
centerline, with the positive direction to the left of barrel ﬂ
centerline. :

» .

Y - the 1line in the vertical plane perpendicular to the barrel
centerline, with up being the positive direction.

Z - same as the barrel centerline, with the positive direction
towards the muz:zle.

P T Ty

The three data files containing the weight and CG data are X

described as follows: f

&

LFER.DAT (LTHD, Fire position of system, Battery position of ]

barrel, Recoil components only). This separate data file 1is 0

created so that the stability program (HOF.EAS) which uses this ‘

data can "move" these components separately during the ¥

B simulation. ’
[ 2

LFTE.DAT (LTHD, Fire position of system, Tow position of z

) compeonents, (non-recoiling) Elevating and traversing components )
only). (By definition, these components only rotate and do not ;

! ‘

translate.) This data file allows HOFP.BAS to elevate and
traverse only these components and the recoiling components.

LFTS.DAT (LTHD, Fire position of system, Tow position of "
components f{except trails), Stationary components only). These

v '.1“. ™ P PR R R T

" . .
% , X \ , » .
*&muﬁ.hm’mWWmAmth%tmﬁ



are all components that are not contained in the above two data
files. They never translate and rotate only if hop occurs.

The reader is referred to the parts list for individual component
weights or the following pages of this section for 1listings of
the above data files which contain both weight and C.G. data.

AUTHOR: Scott Dacko
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' LL FF BB BB RR RR
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LL FF BB BB RR RR
- LL FF BB BB RR RR
ﬁ LL FF BB BB RR RR
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:‘h:
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PP PP RR RR TT 1333 22 22
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PP PP RR RR TT 22
“?-r PPPPPPPP RRRRRRRR TT HE R 22
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PP RR RR T 13133 22
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co e PP RR RR TT HH 22
, ceee PP RR RR TT :: 2222222222
ﬁ PP RR RR TT ;i 2222222222
-
"t'HFi le _HSC000$DUA9 :[M20 .DACKO_SG.VMS .WEIGHT)LFBR.PRT;2 (1422,51,2), last revised
on 9-MAR-1987 09:31, is a 5 block sequential file owned by UIC [M20,DACKO_SG].

*-The records are variable length with implied (CR) carriage control.

&longest record is 65 bytes.

The

,,Job LFBR (1358) queued to LN on 8-APR-1987 14:08 by user M20E96, UIC
}q[HZO,DACKO SG)], under account M22 at priority 100, started on printer
KN_VENUS$TXM3: on 8-APR-1987 14:08 from queue LNSYS.
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LFBR
TOTAL WEIGHT = 3870.15 <~ ReE(oe WEIGHT
C.G. X COORD (IN) = —.274826
2.G. Y COORD (IN) = -.119819
C.G. Z COORD (IN) = 199.476
JYZ (FT-LB-S"2) = 35568.8
JXY (FT-LB-S°2) = 3.24387
JXZ (FT-LB-S°2) = 35571
DESCRIPTION WEIGHT X Y z
5725 5 -13.5 10.88 118
5726 1 -11.5 1.25 105.48
5727 1 -4.25 2.5 105.48
5728 8.76 5 8.75 216.27
5766 181 0 -1.8 366.7
5781.01 26.8 0 0 128.747
5781.02 16.82 0 0 164.747
5781.03 19.44 0 0 200.057
5781.04 22.717 0 0 237.747
5781.05 27.66 0 0 340.997
5782 12.33 0 0 214.45
5786 1 0 4.03 349.8
5787 24 0 0 347.8
5788 24.67 0 0 189.01
5789 495 -2 0 113.2
5802 45 -2 -1 105
5816 92.15 0 0 188.13
5947 91.22 0 0 178.125
5948 91.5 0 0 178.125
5954 3,652 0 0 120.623
5955 5.842 0 0 118.807
5963 86.43 7.38 -2.72 234.577
5964 79.11 -7.38 0 234.577
5965 .17 3.62 6.28 120.371
5966 .33 3.62 6.28 120.8
5967 1.06 0 0 121.25
5968 4.78 0 0 214.45
5969 7.4 0 0 214.43
6002.01 .05 0 4 349
6002.02 6.36 0 0 214.457
6002.02 6.25 0 0 214.457
6002.03 .6 0 0 121.25
6033 1 0 0 207.13
9999 2480 0 0 203.857




iiﬂnnaﬁnaaaﬂ 2222222222222222222222222222222222222222222222222222 HHHHHHHHHH
HHHHHAHHHH Digital Equipment Corporation - VAX/VMS Version V4.4 HHHHHHHHHH
HHHHHHHHHH 2222222222222222222222222222222222222222222222222222 HHHHHHHHHH
gg M M 222 000 EEEEE 999 666 ZP-
MM MM 2 2 0 0 E 9 9 6
MMM 2 0 00 E 9 9 6
M M 2 0 0 0 EEEE 9999 6666
M M 2 00 0 E 9 6 6
" M M 2 0 0 E 9 6 6
gb M M 22222 000 EEEEE 999 666
LL FFFFFFFFFF TTTTTTTTTT EEEEEEEEEE
g LL FFFFFFFFFF TTTTTTTTTT EEEEEEEEEE
‘ LL FF TT EE
LL FF TT EE
ag LL FF TT EE
b, LL FF TT EE
LL FFFFFFFF TT EEEEEEEE
. LL FFFFFFFF TT EEEEEEEE
% LL FF TT EE
‘ LL FF TT EE
LL FF TT EE
h LL FF TT EE
ﬁ LLLLLLLLLL FF TT EEEEEEEEEE
LLLLLLLLLL FF TT EEEEEEEEEE
;15-
W PPPPPPPP RRRRRRRR TTTTTTTTTT irii 5555555555
PPPPPPPP RRRRRRRR TTTTTTTTTT irii 5555555555
PP PP RR RR TT 1532 55
ﬁ PP PP RR RR TT iiii 55
PP PP RR RR TT 555555
PP PP RR RR TT 555555
' PPPPPPPP RRRRRRRR TT irii 55
ﬁ PPPPPPPP RRRRRRRR TT HE R 55
PP RR RR TT iiii 55
PP RR RR TT 183 55
l .ee. PP RR  RR TT i: 55 55
cees PP RR RR TT i3 55 55
cees PP RR RR TT i 555555
% cees PP RR RR TT H 555555
{wFile HSCOQ0$DUA9:[{M20.DACKO SG.VMS.WEIGHT)LFTE.PRT;5 (2432,1,2), last revised
on 9-MAR-1987 09:16, is a 20 block sequential file owned by UIC
+o{M20,DACKO_SG). The records are variable length with implied (CR) carriage
ﬁ%conttol. The longest record is 65 bytes.

Job LFTE (1359) queued to LN on 8-APR-1987 14:08 by user M20E96, UIC
*»{M20,DACKO_SG), under account M22 at priority 100, started on printer
J{_VENUS$TXME: on 8-APR-1987 14:08 from queue LNSYS.
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C.G. X COORD (IN) = .526638
C.G. Y COORD (IN) = 2.89592
161.457
155 3.8
51.5709
15485.9

C.G. Z COORD (IN)
JYZ (FT-LB-S"2)
JXY (FT-LB-S"2)
JXZ (FT-LB-S"2)

; LFTE
85 TOTAL WEIGHT = 2478.3

¢ ('
. 3 DESCRIPTION WEIGHT

»
<
N

5712 135 0 -.72 199.08
5713 135 0 -.72 199.08
u 5716 44 0 29.87 34.13
N % 5718 130 12.5 1.75 181.5
‘- 5719 130 -12.5 1.75 181.5
. %g 5720 166 2.5 21.75 179
g % 5728 10.5 5 8.75 169
* 5729 59.5 0 10.5 135.66
, 5760 2.5 0 -8.5 242.25
i §g 5761 1 0 -8.5 242.25
¢ 5763 20.13 0 -8.5 242.25
- 5764 20 0 -8.5 242.25
. 5771 .37 0 -15.875 173.75
> ﬁi 5772 3.42 0 -14.5 150.55
5774 .63 0 -14.5 173.75
E 5775 .16 0 -14.25 173.75
{ > 5776 2.7 0 -14.5 173.75
b w4 5777 2.78 0 -14.5 171.58
i 5779 1.8 0 -8.5 242.25
b . 5780 22.75 0 -13.46 158.83
ii' 5790 5.68 0 -16.31 173.75
5831 414 0 .526 93.518
! 5863 2.2 0 1.031 35
e Qs 5864 3.34 0 1.031 35
| ¢ 5865 2.5 0 1.031 35
: 5892 2 16.5 14.25 240
: 5893 2 16.5 7.25 240
!l 5894.01 1 19 14.25 236
5894.02 2 -16.5 14.25 240
, 5895 2 -16.5 7.25 240
\ r, 5896 2 0 0 236
§ B 5900 15 14.25 0 28
i Y 5902 7 5.81 10.625 130
5912 19.2 -.22 0 127
gg 5913 2.5 6.062 6.25 127
N 5914 2 13.875 9.375 127
: 5915 2.5 0 0 236
. 5916 2.5 6.5 -8 127
R . 5917 1.5 7.25 5.125 127
i % 5918 1.5 7.25 5.125 127
5921 1 0 0 236
5922 12 5.84 -2.015 236
‘ §§ 5923 2 0 0 127
; 5925 18 0 12.75 65
: 5943 220 0 1.528 127
' £§ 5944 250 0 0 236
5945 85.62 0 0 182
: 5949 14.6 0 0 182
. 5950 21.8 0 0 182
: 3@ 5951 4.95 0 0 235
y 5952 5.16 0 0 124.15
5959 1.04 0 -12 127
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5960
5961
5971
5973
5975
5976
5977
5978
5979
5980
6002.68
6002.69
6002.7
6002.71
6002.72
6002.74
6002.75
6002.76
6002.77
6002.78
6002.79
6002.8
6002.81
6002.82
6002.83
6002.84
6002.85
6002.86
6002.87
6002.88
6002.89
6002.9
6002.9
6003.45
6003.46
6003.47
6003.48
6003.49
6003.5
6003.51
6003.52
6003.53
6004.01
6005.51
6005.52
6005.53
6005.54
6005.55
6005.56
6005.57
6005.58
6005.59
6005.6
6005.61
6005.62
6005.63
6005.64
5006.34
6006.35
6006.36
6006.37
6007.15
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o

£~
.

-
.

[ ]
w

N
(8]

-11.94
15.18
-8.5
15.78
1.625
1.031
-4.125
-14.5
-14.5
-8.5
-13.56
-10.25
-11.25
-12.12
17.38
16.25
15.25
15.93
1.625

-14
-4.125
~14.5

-11.81

127
127
236
123.875
182
236
236
127
127
127
236
239
232.5
233.88
235.12
232.5
235
234
232.5
241.5
102

14.47

240




6007.15
6009.06
6009.07
5009.08
6010.11
6014.01
6026.03
7000
7001
7002
7003
7004
7005
7006
7007
7008
7009
7010
7011
7012
7013
7014
7015
7016
7017
7018
7019
7020
7021
7022
7023
7024
9994
9995
9997
9998
9999
9999

COO0OO0OO0OO0OOOOO

OCONOOFHOOOOOOOOOOOOOODOOOOOOOO
v

-2.75

-12.38
15.75
1.625
30.02

-13
30.02
16

-13.25
-12,62
-12.18
-10.62
16.5
-12
14.88
15.5
-12.12
16.62
15.88
15.44
15.56
24.23
17.2
15,375
-14
-4.125
-4.16

-15.4
-14.5
-10.44

21.75
-8.5
1.031

149.75
232.5
232.5
127
-44.75
232.5
-44.75
236
240
232.5
232.5
232.5
234.25
232.5
232.5
232.5
232.5
232.5
234
232.5
232.5
233
60.54
101
127
14.47
140.75
157.18
166.2
173.75
174.

ul

127
181.5
181.5

245.56
35
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¥ “File HSCO000$DUA9:[M20.DACKO_SG.VMS.WEIGHT)LFTS.PRT;1 (1508,8,2), last revised
y on 8-MAR-1987 19:05, is a 1 block sequential file owned by UIC [M20,DACKO_SG].
:.1The records are variable length with implied (CR) carriage control. The
iﬁlongest record is 63 bytes.

: Job LFTS (1360) gueued to LN on 8-APR-1987 14:08 by user M20E96, UIC
P -)(M20,DACKO_SG), under account M22 at priority 100, started on printer
- _VENUS$TXM6: on B8-APR-1987 14:08 from queue LNSYS.
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8% W LFTS Cf
N TOTAL WEIGHT = 2551.55
i C.G. X COORD (IN) = 0
" C.G. Y COORD (IN) = -3.58506

'l C.G. 2 COORD (IN) = 26.9763
. JYZ (FT-LB-5°2) = 784.343
. JXY (FT-LB-S°2) = 13,6123
o §§ JXZ (FT-LB-S°2) = 770.731
¢
w DESCRIPTION  WEIGHT X Y 4

9900 1325.72 0 -6.9 51.92

i !; 9901 1225.83 0 0 0
IR
o
R e
o a
KW

o
B 559
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S
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DESCRIPTION: COMPUTER FILE INVENTORY

€Cs070

STATUS: A complete listing of all computer programs and data

files used in performing dynamic analysis is included
section. Individual programs and files are described:
sections of this volume where appropriate. -

in this
in the

Somevfilés listed that are shown in 8. Dacko’s directory are old

or not applicable to LTHD work and should be ignored. -

-

B

AUTHOR: Scott Dacko, John Green, Jeff Ireland
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FART NUMBER: 12585725 €/100

DESCRIFTION: BREECH ACTUATOR
STATUS:

The breech actuation system consists of a hydraulic actuator, a
mounting bracket, a modified breech crank, along with hoses,
fittings and connectors. Layouts of this can be found in
in the TDF, Cannon Assembly.

Breech actuator. A preliminary breech actuator drawing (TDF,
Dwg. 1258572%5) showing all critical dimensions has been prepared
by FMC and 1is to be finalized by York. Actuator size and
pressure requirements have been determined based on torque data
from Benet tests as well as FMC time cycle needs. Along with the
actuator is & pilot-operated check to prevent accidental actuator
retract (and breech closure) with hose failure. Also the
actuator can only open the breech if the tube is in load position
to prevent interference and damage with the cradle in other tube
positions.

r-
3

2L

Freech crank. A mocdified Benet Crank drawing has been finalized
N by FMC and provided to Benet for manufacture. The non—-functional
!g- Fenet Crank ears are specified to be cut away to save weight.
o Hoses, fittings and connectors. All hoses, fittings and
‘i ( connectors have been finalized and are specified on FMC technical
data package gang-sheets. lLayouts of these components can be

found in the TDP, Cannon Assembly.

AUTHOFS: Joe Turek, Jeff Ireland, Scott Dacko, Bart Anderson
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FPART NUMBERG: 12585716, Elevation Actuator
12585712, 12885717 Equilibration Actuators
12585720, Equilibration Accumulator

DESTRIFTION: ELEVATION AND EQUILIBRATION

STATUS:

Elevation -

All critical parameters for the elevation actuator (TDF, Dwg.
128857180 have been determined and are presented to the extent
complete :1n the Technical Data Fackage.

Since the design and analysis of the elevation actuator 1s highlv
dep=ndent on the design of the equilibration system, the work in
th:= area waz performed integrally with equilibration analysic
and is presented as such in the following pages of this section.
Addirtional elevation cvlinder analysis that led to the current
des:ianr 1e also contained i1n a Tube Laying Accuracy report found

1n section C/260.

Equil:zbration -

A1 critical design parameters {for the two equilibration
actuators (TDF, Dwgs. 12885712, 12598%9712) and accumulator (TDF.
Dwg. 2585720 have been determined through analysis and are

shown 1n the TDF drawings to the extent the TDP 1s finished.

A complete report summarizing the equilibration (and elevation?
system design and analysis is found in the following pages of
thie section. This information includes analysis obiectives,
geometry, model initial conditions, torgue calculations, static
and dynamic analyses with both energy recovery and manual enerqy
vcsage, variable namees for program ELEVATION.BAS, program module
descriptions and program listings.

Alss 1ncluded in this section are the final equilibration and
elevation analvsis results as of March 13, 1987. These results
are for the current system geometry as well as component weights,
Ct'= and inertias.

AUTHORS: John Green, Sean Marek
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e ANALYSIS OBJECTIVES

Given the geometry of the Lightweight Towed Howitzer Demonstrator
'i (LTHD), our objectives with this analysis are to size the:

Equilibration cylinders
Elevation cylinders
.i Equilibration accumulator
‘Re

keeping in mind these time cycle constraints:

" When moving both up and down (elevating and depressing), want
i) to go:
s from to in

5

- 600 MILS 800 MILS 2 seconds
(33.75°) (45.00)

- and
600 MILS 1300 MILS 10 seconds
(33.75°) (73.125°)

The idea is for the equilibration system toc balance most of the weight
of the howitzer barrel so that the manual elevation system will be
able to position it. The BASIC program has been written to generate
the torque of the barrel due to gravity (TGRAV) versus the torque

provided by the equilibrator (TEQUIL); in this case we want TGRAV to
equal TEQUIL as closely as possible,

To determine the torques around the trunnion pivot point (assigned the
X-Y coordinate of (0,0) for this analysis), geometry from the
equlibration and elevation systems is used to find the torque "arms"”
perpendicular to the force on the cylinders. The main input variable

for both systems is THETA, the angle at which the barrel is elevated
from horizontal.
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Given X, Y, L1, and THETA (note direction of the X-axis):
L2 = SQRT( X2 + Y2 )
GAMMA = ARCTAN( -X /7 Y ) + 90° 4 1.96 81 ’
ALPHA = GAMMA - THETA
From the Law of Cosines:
D = SQRT( L12 + L22 - 2xL1%xL2 ¥ COS(ALPHA))
From the Law of Sines:
BETA = ARCSIN( L1 x SIN(ALPHA) / D )
RP = L2 ¥ SIN(BETA)
= L2 ¥ L1 % SIN(ALPHA) / D
where RP is the perpendicular intercept needed to determine

torque (TEQUIL) along D.
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Y To determine the flowrate through the equilibration cylinder
! ';'s (FLOWEQUIL), the angular velocity (OMEGA) is computed from the angular
‘S acceleration of the barrel:
" ANGACCEL = TORQUE / 1
‘: OMEGAnow = OMBGAprevious + (ANGACCEL x timestep)
'
.J.
: T From the geometry, the velocity (VELD) along D is found to be:

L1 * OMEGA % Salalphy)# 2

(4
VELD ¥ AREAlequil cylinder

-

VELD

FLOWEQUIL
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Given L1E and L2E, from their coordinates:
GAMMAE = 165135 |09_4CC
ALPHAE = GAMMAE - THETA
From the Law of Cosines:
GEL = SQRT( L1E2 + L2E2 -~ 2xL1ExX*L2E =x COS (ALPHAE))

From the Law of Sines:

SIN(BETAE) L1Ex SIN(ALPHAE) / GEL

RPE

L2Ex SIN(BETAE)

where RPE is the perpendicular intercept needed to determine
torque (TELEV) along GEL.

Since VAX BASIC does not have the ARCSIN function built in, BETA may
be found by this formula:

- SIN(BETAE)
BETA = ARCTAN ( ——-mmemmmmmme )
( 1.0 - (SIN(BETAE))2 )2
PHI = 180° - BETA - ALPEHAE
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To determine the flowrate through the elevation cylinder (FLOWELEV),
use the same angular velocity (OMEGA) as for the equilibration systenm.

]

a The velocity (SCYL) along GEL is found to be: ‘
|
SCYL = L1E % OMEGA * COS (90’ - PHI ) |

o FLOWELEV = SCYL % AREA2eilev cylinders

e
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“
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- INITIAL CONDITIONS 77

Both dynamic and static analyses execute module 7000 of the BASIC code
which interpolates from a Nitrogen real gas table to find:

v

~
P
. . 8

i The mass of the gas (MOLE) in the equilibration accumulator.

The volume of gas (VCOMP) to be ump ped into the equilibration
cylinder to get it to the right &< pressure.

This volume is to compensate for pressure changes due to
fluctuating ambient temperatures.

v,
3

The initial entropy (ENTO) of the nitrogen in the accumulator.

Assuming the Ni ogen accumulator was charged in a lab at the ideal
temperature of F and a specified charge pressure (for example,
3,000 PSI), interpolate from the Nitrogen table to get the specific
volume (VOL) of the gas initially in the accumulator.

AR Given the volume of the equilibrator accumulator (VE), use this VOL to
- find the mass (MOLE) of the gas in the accumulator:

SN MOLE = VE / VoL (LB-mass)
o Swar g
Now given the ambient temperature and"’ pressure conditions, interpolate
- from the Nitrogen table for a pew VOL in order to find VCOMP (the
3: compensgtion volume) to be pumped into the cylinder to get it to the
- right egefge" ressure. These computations are based on the gun at O
degrees elevation.
8 vCcoMP = VE - VOLSMOLE - ( (DO - DF) % AREAl )
. Next the variables get reset, based on the gun at THETAO elevation:
Y4
~.
" VE - VCOMP - ( (DS - DF) * AREAl )
VOLO S meem e,
! MOLE
. Given the initial temperature (TEMP = TEMPQO = Tasbient) and specific
{} volume (VOL = VOLO), interpolate from the Nitrogen table to get the
T initial pressure (PRESSO) and entropy (ENTO) of the nitrogen in the
accumulator.
by
’ For dynamic analysis, entropy is assumed to remain constant. ENTO is

thereby used only for Nitrogen table interpolation purposes to track

A the pressure changes.
(NOTE: The initial Nitrogen table we used was in SI units, so we
- converted all the values to English units except the entropy units
K because, in this analysis, entropy values are only used for
interpolation.) -
4'{)
F:\- Page 6.
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COMPUTING THE TORQUES

For each value of THETA (currently computed at 1° increments):
TGRAV = LCG * WT ¥ COS(THETA)
For the equilibration system, find D for the given THETA. Use D to
compute:
VoL T
Use VOL to interpolate from the nitrogen table to get the pressure
(PRESS), which is used in this equilibration system torque equation:
TEQUIL = (PRESS - PAMB) % AREAl * RP

For the elevation system, find GEL for the given THETA. Use GEL to
compute:

VOLUME = ABS((GELI - GEL) % AREAZ2)
The static analysis (for which these torques are found) is assumed to
be - only elevating the barrel

- isothermal
Therefore the simple pressure/volume relation may be used:

PCYL = (PAI x VAI) / (VAI + VOLUME)

The elevation system torque is then:

TELEV = (PCYL - PAMB) % AREA2 % RPE

Page 7.
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' ANALYSES: STATIC & DYNAMIC 9

o The BASIC program executes two analyses results:

-. The static analysis is ipitially run to optimize design

li parameters (charge pressure, sizing the accumulator, cylinders,
pistons, etc.) before running the larger, more time consuming
dynamic analysis.

The dynamic analysis then gives the cycle times as a result of
these static analysis parameters.

- There are two methods by which the barrel may be elevated/depressed:
. The energy recovery option uses an accumulator (which gets
ro pumped up by the gun recoil) to control barrel elevation.
~ ‘\Ltw.c'vj/‘) Aot L
The manual power option uses a heandcrenk to control barrel
- elevation.

O This places the additional constraint on the system of a human
only being able to maintain an input power of 0.3 horsepower.

~u
»

e Elevation Cylinder
{* First the program sets some controlling switches:
- SWITCH = 0 when barrel is elevating
ve 1 SWITCH = 1 when barrel is depressing
F/aj 7 - 7 et untes the detelerust, gm rout.:wm e
}::: Flag2: 7  wetivates +Lke cp €y seeed  spuitine

+ . .
(-4 MAdin ta,; ~ ” o0 gtgm vy z/?/"c u(ﬁf,'/
rhe  cammon recaches ey Comnd

eftku v.'® M

L Xy
L)
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For the Energy Recovery option:

|0

1. ACCELERATION PHASE.
Use an energy recovery/storage accumulator (which gets pumped
up by the gun recoil) to accelerate, and then decelerate, the
system when it is elevating.
Elevation Cu\\'mder [
< e, =) ucle
Ehcrﬁﬂ K cov'vb C‘Q
A
ﬁz/ \Q/'
& \&
(%)
&7 \Y
Y \>
— Hessure / \
- r\owfoilfe / \
/ \
/ \
/ \
/ \Ls;rggﬂe\Jg\cckEi
/ P—_—
Teettion - & guilibrium
‘Pnessuxe
|
At ﬂ{\_s ?o;m‘t “the |
kinetic ‘enevau |
computtations |
tndli cole thet
dec&?eva‘hon Torque
must Sort being
&H;hed.
Page 9.
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Track the kinetic energy (ENERGY) at each time step to
determine when to "apply the brakes” (change from acceleration
to deceleration).

So from the geometry, the angular velocity (OMEGA) is known at
that time step and flags can be set accordingly.

The volume in the elevation cylinder may be figured from:
What comes out of the accumulator =
Volume change due to change in length of the cylinder

Volume initially expended from the accumulator
(VOLUMEl = 0 for elevating.)

That 1is:
VOLUME = ABS((GELI - GEL) x AREA2) + VOLUMEl

The pressure in the cylinder (PCYL) is computed from an
equation based on the theoretical condition of an isentropic
process and an adiebetic, ideal gas (so temperature is
eliminated as a variable).

That equation is: PpV,n = PaVan
and

PAI % VAIn
PCYL T mmmee e m— e where n = 1.4
(VAT + VOLUME)"

ENERGY = 0.5 x I % (OMEGA)2

The torque (TSTOP) required to turn around and stop the
acceleration (at that time step):

ENERGY
ABS(THETAend - THETAcurrent) - .008
where the .008 radians is to assure a creep speed distance.
PSTOP is also figured as a function of TSTOP, even though it
is really an (instantaneous) approximation.

PSTOP = PAMB + ABS(TSTOP / (AREA3 * RPE) )

Page 10.
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Torque on the elevation cylinder is also computed for this
N acceleration phase:

TELEVacce: = (PCYL - PAMB) x AREAZ % RPE’

ii As soon as TSTOP or PSTOP exceed a maximum, FLAGl is thrown
and the program jumps down to the deceleration phase.

N

“; 2. DECELERATION PHASE.

' Here:

o PCYL = -PSTOP x GAIN

. where GAIN is a multiplier/constant input by the person

:f running the program to compensate for a program limitation;

T thhe program cannot anticipate what will happen in future
computations.

;c PCYL needs to be negative since pressure is now applied to the
back side (AREA3) of the elevation cylinder piston.

h¢;

® TELEVaecei = (PCYL + PAMB) * AREA3 * RPE
As soon as the angular velocity (OMEGA) drops to or below the

*L creep velocity (VMIN), the program jumps down to the creep

oS velocity phase.

.iv' l

'ﬁ 3. CREEP VELOCITY PHASE.
Once the barrel attains creep velocity, it is assumed that the

o constant speed yields balanced torques. Therefore:

o

TELEVcreep = TGRAV - TEQUIL Torque just
required to keep it
moving at constant
speed.

= PAMB + ( TELEV / (AREAZ x RPE) )
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Manual Power option there is the additional constraint of

a human only being able to maintain an 1nput power of 1/3
horsepower.
POWMAX = 0.3
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oG From the geometry it is known that:
& SCYL = L1E * OMEGA * COS(PI - PHI)
“ PCYL = PCYLMAX + PAMB -

From a fluid handbook:

Sa et g
AR

231 x Flow Rate (GPM) .
VELcyr (ft/s) = —-mmmo—mmmmmmmmmm e

12 *x 60 x*x Net Area (inZ2?)

Ys

-

Therefore:

b
-

FLOWRATE = SCYL * AREAZ x 60 / 231

(o

POWER (hp)= FLOWRATE * PCYL / (1714.0 x efficiency)
“Assume e = 100%

e S‘A?

If POWER > 0.3 then reset the input pressure to maintain a
constant power of 0.3 horsepower:

PCYL = PAMB + ABS( 0.3 *x 1714.0 / FLOWRATE)

S50

The following computations are the same as for the Energy Recovery
option (Section A.):

ENERGY = 0.5 x I x (OMEGA)=2
o (
" The torque (TSTOP) required to turn around and stop the
acceleration (at that time step):
gj ENERGY
A TSTOP = —e—e e e
ABS(THETAend - THETAcurrent) - .008
l! where the .008 radians is to assure a creep speed distance.
:; PSTOP is also figured as a function of TSTOP, even though it is
o really an (instantaneous) approximation.
ﬂ[ PSTOP = PAMB + (TSTOP / (AREA3 x REP) )
h TELEVacce: = (PCYL - PAMB) * AREA2 x RPE
.ﬁ As soon as TSTOP or PSTOP exceed a maximum, FLAGl is thrown and
.2 the program jumps down to the deceleration phase (Section A.2.)
:::: Page 13.
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VARIABLE NAMES FOR PROGRAM ELEVATION.BAS

z
ﬁx
N
COMPUTATION
i VARIABLE UNITS
A
- ACC
~o ALPHA RAD
re ALPHAE  RAD
ANGACCEL RAD/SEC"2
% AREAl IN~2
R AREA2 IN~2
’ AREA3 IN~2
- B
s BETA
¥ BSS
BV
c
b ONT
‘-‘k D
D IN
- DATAOUT$ string
& DEGTORAD
DF IN
o Do IN
i‘ DRIVER$ string
- DS IN
_ DT SEC
ﬁ (  ENERGY FT-LB
ENT
ENTO
s EPS
Sq EPSP
. FLAG1
FLAG2
; FLOWELEV GAL/MIN
= FLOWEQUILGAL/MIN
GAIN
. GAMMA RAD
o GAMMAE  RAD
- GEL IN
GELF IN
" GELI IN
-~ GELO IN
1 SLUG-FT"2
- Ll IN
o L1E IN
» L2 IN
L2E IN
w LCG IN
~ MOLE LB-mass
MS
- MV
N OMEGA RAD/S
b OMEGAl
OMEGA1S
5 OMEGA2
b3 OMEGA2S

‘--"-,‘!-

iy
“'I‘ 4 .n J‘J‘ ; .l )

A “»
-‘\f}Klvf

L "~? ~ ) N, -v d'f‘ = rw#" .“.&‘_J‘ -_'- -_-A'-P
R L P Dos B P DA Lo [ty SO h

Lot i oo v bacdhaee A ae 2 ™ O - e e m= = = - -~ - == 1

DESCRIPTION

COUNTER

N. »BER USED TO CHECK PRECISION OF ITERATION

ALPHA variable for equilibrator geometry

ALPHA variable for elevation geometry

ANGULAR ACCELERATION OF THE BARREL

PISTON AREA - EQUILIBRATION CYLINDER

PISTON AREA - ELEVATION (SMALLER SIDE) % 2 CYLINDER
PISTON AREA - ELEVATION (LARGER SIDE) x 2 CYLINDER
COUNTER

BETA variable for geometry

COUNTER

A COUNTER TO PRINT EVERY 100 DATA POINTS

COUNTER

SIDE 3, EQUILIBRATION GEOMETRY (THE SLIDING LEG)
OUPUT FILE NAME

CONVERSION CONSTANT

D AT THETA = 72 DEGREES

D AT THETA = 0 DEGREES

DRIVING FUNCTION OPTION VARIABLE

D AT THETA = THETAO

TIME STEP

=.5%XI*OMEGA”2,CURRENT KINETIC ENERGY OF BARREL ASSY
CURRENT ENTROPY OF THE EQUILIBRATION GAS

INITIAL ENTROPY OF EQUIL GAS AT SIMULATION START

= EPS/8.0

FLOWRATE INTO ELEVATION CYLINDER

FLOWRATE INTO EQUILIBRATION CYLINDER

A MULTIPLIER, HUMAN INPUT COMPENSATES FOR PRG LIMIT
GAMMA variable for equilibrator geometry

GAMMA variable for elevation geometry

SIDE 3, ELEVATION GEOMETRY (THE SLIDING LEG)

GEL AT THE HIGHEST ANGLE

AT THETA=0 FOR GOING UP, AT THETA=72 FOR GOING DOWN
GEL AT THE LOWEST ANGLE

MASS MOMENT OF INERTIA OF THE BARREL

SIDE 1, EQUILIBRATION GEOMETRY

SIDE 1, ELEVATION GEOMETRY

SIDE 2, EQUILIBRATION GEOMETRY

SIDE 2, ELEVATION GEOMETRY

= 13.56 FEET

=VE/VOL, MASS OF GAS IN EQUILIBRATOR ACCUMULATOR

ANGULAR VELOCITY OF ELEVATION GEOMETRY

INITIAL CONDITIONS GIVEN TO THE ITERATION MODULE
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" VARIABLE
. i OPTS$
w PAI
P N PAMB
3 N PCHARGE
iy - PCYL
A PCYL1
PCYL2
s ~ PCYLMAX
PH
:: o, PHI
Y F'.: PISDIA
I\ J PL
PO
oyl POWER
9 - POWMAX
b PRESS
‘R PRESS
& % PRESSO
PSTART
x PSTOP
S PSTOPMAX
- RADTODEG
‘ RODDIA
Y { RP
d " RPE
" S1H
[ S1L
. f; S2L
. SCYL
L SH
_ '! SH
SRS SINB
< SINBE
Y -}\ SL
YR SL
¥ STME
SWITCH
< T
A T1
N T2
) ﬁ: TAMB
"o s TELEV
i TEMP
5. TEMPO
. e TEQUIL
A TGRAV
TH
A THETA
¥ THETAL
. THETALS
S THETAZ2
i o THETA2S
"
i~

A

[8

VARIABLE NAMES FOR PROGRAM ELEVATION.BAS

COMPUTATION

UNITS DESCRIPTION

string OPTION STRING VARIAEBLE

LB/IN"2 INITIAL ENERGY STORAGE ACCUMULATOR GAS PRESSURE

LB/IN"2 AMBIENT PRESSURE

LB/IN"2 CHARGE PRESSURE

LB/IN"2 CURRENT PRESSURE IN ELEVATION CYLINDER

LB/IN"2

LB/IN"2

LB/IN"2 MAX PRESSURE POSSIBLE DURING MANUAL OPERATION

RAD ANGLE BETWEEN CYLINDER & BARREL

IN ELEVATION CYLINDER PISTON DIAMETER

LB/IN"2 EQUILIBRATION GAS PRESSURE AT THETA = 0
POWER BEING EXERTED BY ELEVATION CYLINDER

HP MAXIMUM MANUAL POWER INPUT: 1/3 HP

LB/IN"2 CURRENT PRESSURE OF EQULIBRATION PISTON

LB/IN"2 PRESSURE AFTER EXTENDED TIME

LB/IN"2 INITIAL EQUILIBRATION GAS PRESSURE

LB/IN"2 STARTING DECELERATION PRESSURE

LB/IN"2 OPTIMUM PRESSURE REQ’D TO STOP BARREL BEFORE THETAF

LB/IN"2 =PSTART/GAIN, MAXIMUM ALLOWABLE STOPPING PRESSURE
CONVERSION CONSTANT

IN ROD DIAMETER, ELEVATION CYLINDER

IN PERPENDICULAR BISECTOR, EQUILIBRATION GEOMETRY

IN PERPENDICULAR BISECTOR, ELEVATION GEOMETRY

variable used for interpolation
variable used for interpolation
variable used for interpolation
variable used for interpolation
IN/S SPEED (VELOCITY) OF THE ELEVATION CYLINDER

SIN OF THE BETA ANGLE, EQUILIBRATION GEOMETRY
SIN OF THE BETA ANGLE, ELEVATION GEOMETRY

CURRENT TIME GIVEN TO THE ITERATION MODULE

=0 FOR ELEVATING, =1 FOR DEPRESSING (ELEVATION CYL)
TIME INCREMENT TO BE GIVEN TO THE ITERATION MODULE
TORQUE AT BEGINNING OF TIME STEP

TORQUE AT END OF THE TIME STEP

deg-F OUTSIDE AMBIENT TEMP

IN-LB TORQUE EXERTED BY THE ELEVATION CYLINDER
deg-F =72 CURRENT TEMP

deg-F INITIAL EQUILIBRATION GAS TEMP

IN-LB TORQUE EXERTED BY THE EQUILIBRATION CYLINDER
IN-LB TORQUE EXERTED GRAVITY

RAD INPUT ANGLE: ELEVATION OF THE BARREL

INITIAL CONDITIONS GIVEN TO THE ITERATION MODULE
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VARIABLE NAMES FOR PROGRAM ELEVATION.BAS

ﬁ COMPUTATION
' VARIABLE UNITS DESCRIPTION
i' THETAF RAD HIGHEST ENDING ELEVATION (MAY BE 72 DEGREES)
‘ THETAO RAD LOWEST STARTING ELEVATION (MAY BE 0 DEGREES)
‘O THETAS RAD =THETAF FOR ELEVATING, =THETAO FOR DEPRESSING
i Rh TIMENOWS$ string CURRENT TIME
R TL
: ™1 IN-LB INITIAL MEAN FORCE GUESS
™2 IN-LB =(T2+T1)/2.0 , NEXT MEAN TORQUE GUESS
g TME SEC TIME
TODAY$ string TODAY’S DATE
} TORQUE IN-LB =TELEV+TEQUIL-TGRAV, TOTAL TORQUE DETERMINED
e TS1
L)
MB TS2
TSTOP IN-LB OPTIMUM TORQUE REQ’D TO STOP BARREL BEFORE THETAF
] TSTOPMAX IN-LB MAXIMUM DECELERATION/ALLOWABLE STOPPING TORQUE
3? TVl variable used for interpolation
o TvV2 variable used for interpolation
; V1H variable used for interpolation
s V1H variable used for interpolation
hﬁ V1L variable used for interpolation
V1L variable used for interpolation
P V2H variable used for interpolation
?} V2H variable used for interpolation
; b V2L variable used for interpolation
. ( V2L variable used for interpolation
S . VAI IN"3 INITIAL ENERGY STORAGE ACCUMULATOR GAS VOLUME
‘i VCOMP IN®3 - VOLUME OF FLUID USED TO COMPENSATE FOR TEMP CHANGE
VE IN~3 VOLUME OF THE EQUILIBRATOR ACCUMULATOR
ey VELD IN/S VELOCITY ALONG D
QS VF IN"3 FINAL VOLUME OF THE EQUILIBRATION GAS
¢ VH
VL
! VMIN RAD/S =,0]1 RAD/S, ANGULAR CREEP VELOCITY
. VOL IN“3/LBm SPECIFIC VOLUME OF THE EQUILIBRATION GAS
VOLO IN“3/LBm INITIAL EQUILIBRATION GAS SPECIFIC VOLUME
o VOLUME IN"3 VOLUME OF FLUID USED SINCE START OF SIMULATION
Q} VOLUME1l IN"3 . AMT OF FLUID PUMPED INTO CYL AT END OF ELEVATING
. WT LBS WEIGHT OF COMPONENTS TO BE ELEVATED/DEPRESSED
-
-
)
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[
iy

v e

[
—
S

3

DARRTR TR LA PR O *f-._ SEEN -“,;‘. -y w Wi s 'i\‘(-
- PR . ' .
n o W, AN Q¥ LN n"' X Ap NN M)

Gt % YA Vot ¥y ¥ O B GRS
RRE L AN AN BN yql;o‘ bt “?|‘,I‘{'ﬁ_“?1‘. i HL AT DA,




o 3 T -
*%
13
o S
' A
R § Frigram — module  odestrjations
iy
&
3.‘. e
s Line Lescripption
: loo Aluin o/l ¢y Mmenu
;:': Yy /85 Eguil bratiom Mo lica 4,00 Aes o
B 370 Elevation wskilica tipn I K
o oS S:mnlation  tomtrs/  wmeno
::;Q l::'.- 1000 Simaulgdion Controle,
! . 2000 Force 5 velotity ,/o;.‘/.vn ) ant wccelerntyn teratiom mo/AJJ
:':'-. i‘i’ 3000 -rargu( SuMM,‘n’ moctgle
. fo00 Geomr-/r/ Aete,r i, anton M:é/u o
" ;__.: Foo00 Fln,'///fk Fron '('orﬁuo Md/u/-(
;2 t3- Lood Elevatyan ‘éoriu( mocdn/p
"9 . [ €0 Lactia/ londitroms medule
' ﬁ é,op feal LY darq iafdut vesolclv
tv}: qeoc Gas +uble in ter o lu #0m ‘/V pressare «n/ reryfond
',__E“ ;-' 10000 Cay fa/( rA fo)',/o P /)/ ’/( £1'[:“( .Vo/“ﬂ( and? Cu Jr./’
: * lt po0 Oy fa”{ o (-c,/w/a 4o s Iy v‘r.../a-,-, by 2 “.\,/y,,,-ﬁ'( Vo/qm &
. 12000 Setasde Simulavon mosdul
{,; ; 13000 Patu oupfUY pasMule
%:s - 14900 aﬂf/ﬂq/ Lile cuctaliandon redale
) ;-;' V\s000 Over turn -'tj 7;’5“( tulyda 400 o’ e
l"l
W
o
B
N .
0 I
W

4
3

b _’:
Jl

g V7
T |

1Py - . “e" . L IR DA T AT S D ST S T T I . S - X TRt Y Ay *‘
N ! ~ *q - . B R T C AL SR TR A 2, A CRERES
RN AN . WS ' *-“")' S R SR PR S N R SR G ANERE £ LGRS L

- v L)




VAR
l\.'
3
* COMFUTATION
VARIAELE UNITS
P .
ACC
. ALFHA FAD
R ALFHAE  RAD
- ANGACCEL RAD/SEC™Z
AREA1 IN-2
g AREAD IN-2
hel | AREAT INZ
K
WY EETA
-\% BSS
k E‘”VI
C
qg CNT
-~ D
D IN
oY DATAOUT# string
“ DEGTORAD
DF IN
joln) IN
i DRIVER¥ string
o DS N
T SEC
,- ENERGY  FT-LE
Hi ( ent
ENTD
EFS
e EFCF
Qﬁ FLAG!
FLAGZD
FLOWELEY GAL/MIN
’ FLOWEQUILGAL/MIN
E GAIN
GAMMA FAD
Y, GAMMAE  RAD
oy GEL IN
- GELF IN
- GELI IN
. GELD IN
o3 I SLUG-FT2
L1 IN
R? L1E IN
e Lz IN
°E IN
- LCG IN
N MOLE LE-mass
<. MS
MY
" OMEGA FRAD/S
w OMEGA1
OMEGA1S
OMEGAZ
~ OMEGAZS

VoMASME ti*nd;istm:\'ah\u\l,
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IABLE NAMES FOR FROGRAM ELEVATION. BAS

DESCRIFTION _

COUNTER

NUMEEFR USED TO CHECK FRECISION OF ITERATION
ALFHA variable for equilibrator geometry
ALFHA variable for elevation geometry
ANGULAR ACCELERATION OF THE BARREL
FISTON AREA - EQUILIBRATION CYLINDER
FISTON AREA — ELEVATION (SMALLER SIDE) +
FISTON AREA — ELEVATION (LARGER SIDE) =
CQUNTER

EETA variable for geometry

CYLINDERS
CYLINDERS

[DRS]

COUNTER
A COUNTER TO FRINT EVERY 100 DATA FOINTS
COUNTER
SIDE I, EQUILIBRATION GEOMETRY (THE SLIDING LEG)
OQUFUT FILE NAME
CONVERSION CONSTANT
D AT THETA = 72 DEGREES
D AT THETA = © DEGREES
DRIVIMG FUNCTION OFTIDOMN VARIABLE
D AT THETA = THETAOD
TIME STEF
. S#I#0MEGA™Z,CURRENT KINETIC ENERGY OF EARREL AESY
CUFRENT ENTROFY OF THE EQUILIBRATION GAS
INITIAL ENTROFY OF EQUIL GAS AT SIMULATION START

= EFS5/8.0

FLOWRATE INTO ELEVATIONM CYLINDER

FLOWRATE INTO EQUILIBRATION CYLINDER

A MULTIFLIER, HUMAN INFUT COMFENSATES FOR FRG LIMIT
GAMMA variable for equilibrator geametry

GAMMA variable for elevation geometry

SIDE 2, ELEVATION GEOMETRY (THE SLIDING LEG)

GEL AT THE HIGHEST ANGLE

AT THETA=0Q FOR GOING UF, AT THETA=72 FOR GUOING LDOWN
GEL AT THE LOWEST ANGLE

MASS MOMENT OF INERTIA OF THE BARREL

SIDE 1, EQUILIERATION GEOMETRY

SIDE 1, ELEVATION GEOMETRY

SIDE 2, EQUILIERATION GEOMETRY

SIDE 2, ELEVATION GEOMETRY

= 1X.56 FEET

=VE/VOL, MASS OF GAS IN EQUILIEBRATOR ACCUMULATOR

ANGULAR VELGOCITY OF ELEVATION GEOMETRY

INITIAL CONDITIONS GIVEN TO THE ITERATION MODULE

07 -Nov-86 \z;
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VARIAELE

OFT#
FAI
FAME
FCHARGE
FCYL
FCYL1
FCYLZ
FCYLMAX
FH

FHI
FISDIA
FL

FD
FOWER
FOWMAX
FRESS
FRESS
FRESSO
FSTART
FSTOF
FSTOFMAX
RADTODEG
RODDIA
RF

RFE

S1H

SiL

S2H

SIL
sCYL

SH

SH

SINE
SINEE
sL

st

STME
SWITCH
7

T1

T2

TAME
TELEV
TEMF
TEMFO
TEQUIL
TGRAV
TH
THETA
THETAL
THETA1S
THETA2
THETAZS

e o e abdy o agha i o - ol s o ol

VARIABLE NAMES FOR FROGRAM ELEVATION. EAS

COMFUTATION
UNITS

LB/INZ2
LEB/IN™2
LE/IN™Z2
LE/INZ

RAD
In

LB/ IN"Z

HF
LEB/IN™2
LE/IN™
LE/IN™
LE/IN™
LE/IN™
LE/IN™

FEIFIRI D

IN
IN
IN

IN/S

deg-F
IN-LEBE
deg-F
deg-F
IN-LE
IN-LE

RAD

20

DESCRIFTION _

OFTION STRING VARIAEBLE

INITIAL ENERGY STORAGE ACCUMULATOR GAS FRESSURE
AMEBIENT FRESSUFRE

CHARGE FRESSURE

CURRENT FRESSURE IN ELEVATION CYLINDER

MAX FRESSURE FOSSIELE DURING MANUAL OFERATIOM

ANGLE BETWEEM CYLINDER % EBARREL
ELEVATION CYLIMDER FISTON DIAMETER

EQUILIBRATION GAS FRESSURE AT THETA = O

FOWER BEING EXERTED BY ELEVATION CYLINDER
MAXIMUM MANUAL FOWER INFUT: 1/3 HF

CURRENT FRESSUFRE OF EQULIBRATION FISTON

FRESSURE AFTER EXTENDED TIME

INITIAL EQUILIBRATIOM GAS FRESSURE

STARTING DECELERATION FRESSURE

OFTIMUM FRESSURE RER'D TO STOF EBARREL BEFORE THETAF
=FSTART/GAIN, MAXIMUM ALLOWAELE STOFFING FRESSUFE
CONVERSION CONSTANT

ROD DIAMETER, ELEVATION CYLINDER

FERFENDICULAR ERISECTOR, EQUILIEBRATION GEOMETRY
FERFENDICULAR EISECTCOR, ELEVATION GEOMETRY
variable used for interpolation

variable used for interpoclation

variable used for interpolation

variable used for interpclation

SFEED (VELQCITY) OF THE ELEVATION CYLINDEF

SIN OF THE EBETA ANGLE, EQUILIEBRATION GEOMETRY
SIMN OF THE BETA ANGLE, ELEVATION GEOMETRY

CURRENT TIME GIVEMN TO THE ITERATION MODULE

=) FOR ELEVATING, =1 FOR DEFRESSING (ELEVATION CYL)
TIME INCREMENT TO EBE GIVEN TO THE ITERATION MODULE
TORGEUE AT BEGINMING OF TIME STEF

TORQUE AT END OF THE TIME STEF

CUTSIDE AMBIENT TEMF

TORQUE EXERTED BY THE ELEVATION CYLINDER

=72 CURRENT TEMF

INITIAL EQUILIBRATION GAS TEMF

TORQUE EXERTED BY THE EQUILIBRATION CYLIMDER
TORQUE EXERTED GRAVITY

INFUT ANGLE: ELEVATION OF THE BARREL

INITIAL CONDITIONS GIVEN TO THE ITERATION MODULE

07-Nov-864 lc>
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rem PROGRAM TO SIMULATE THE ELEVATION OF THE LTHD

rem October/November 1986

John E. Green/Leanna K.

DIM T(14),P(50),5(50,14),V(50,14)

TODAYS = DATES(0)
DATAOUTS = "NONE"

EQUILIBRATION PARAMETERS"
ELEVATION CYLINDER PARAMETERS"
OVERALL SYSTEM PARAMETERS"
SIMULATION"

RAD_TO DEG = 180.0 / PI

DEG_TO RAD = PI / 180.0

PAMB = 14.7

THETAO = 0.0

THETAF = 72.0 * DEG_TO_RAD

DT = 0.001

CNTMAX$ = 500

1 = 41230.

AREA1 = 5.7

PISDIA = 3.25

PAI = 3000.0 + PAMB

VAI = 2500.0

TSTOPMAX = 10000%12

PSTART = 3000.0 + PAMB

PCYLMAX = 3000.0 + PAMB

POWMAX = 0.3

TAMB = 70.0

PO = 5000.0 + PAMB

VE = 1200.0

EPS =1.0

EPSP = EPS/8.0

DRIVER$ = "ENERGY RECOVERY"

WT = 6077.0

GAIN = 0.65

PCHARGE = 2700.0 + 14.7

RODDIA = 1.5

X = -2.0

Y = 35.5

Ll = 247.4

L2 = SQRT(X"2+Y"2)

LCG = 161.748

L1E = 10.258

L2E = 33.09

GAMMA = ATN(-X/Y) + PI/2.0

GAMMAE = 109.4029 * DEG_TO_RAD

DRAG = .8 -7

ORIFICE = .1

L3=57.002

L4=233.6862

LAMC=1.2747

LAMS=,2864

L3E=51.8913

L4E=240.3595

LAMEC=1.0552

LAMES=.4003

ACCMAX=1

GOsuB 8000
rem MAIN MENU
PRINT "WOULD YOU LIKE TO:"
PRINT "1. VIEW/MODIFY
PRINT "2. VIEW/MODIFY
PRINT "3. VIEW/MODIFY
PRINT "4. RUN DYNAMIC
PRINT "5. RUN STATIC SIMULATION"
PRINT "6. END SESSION"
PRINT "(ENTER NUMBER)"
INPUT OPT1

Peterson
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)
S 150 IF OPT1 = 1 THEN GOSUB 185
i 155 IF OPT1 = 2 THEN GOSUB 370
" 160 IF OPT1 = 3 THEN GOSUB 605
' 165 IF OPT1 = 4 THEN GOSUB 1000
i 170 IF OPT1 = 5 THEN GOSUB 12000
175 IF OPT1 = 6 THEN GOTO 16000
180 GOTO 100
e 185 rem EQUILIBRATION PARAMETER MODIFICATION MODULE
w0 190 PRINT "WOULD YOU LIKE TO:"
195 PRINT "1. CHANGE PISTON AREA, CURRENT = ";A
200 PRINT "2. CHANGE EQUILIBRATOR VOLUME, CURRENT = "V
l! 205 PRINT "3. CHANGE AMBIENT TEMPERATURE, CURRENT = ",
‘i 210 PRINT "4. CHANGE AMBIENT PRESSURE, CURRENT = ";P
- 215 PRINT "5. CHANGE STARTING PRESSURE AT 0 Q.E., CURRENT = ",
- 220 PRINT "6. CHANGE CHARGE PRESSURE AT 72 DEG. F AND 14.7 PSI, CURRENT = ";P
R 225 PRINT "7. CHANGE X LOCATION OF WIRE ROPE, CURRENT = "X
~ 230 PRINT "8. CHANGE Y LOCATION OF WIRE ROPE, CURRENT = ", Y

235 PRINT "9. RETURN TO MAIN MENU"
PRINT " (ENTER NUMBER)"
INPUT OPT2
250 IF OPT2 <> 1 THEN GOTO 260
. 255 INPUT "ENTER PISTON AREA (INCH"2) ";AREAl
IF OPT2 <> 2 THEN GOTO 270
INPUT "ENTER EQUILIBRATOR VOLUME (INCH"3) ";VE
270 IF OPT2 <> 3 THEN GOTO 280
275 INPUT "ENTER AMBIENT TEMPERATURE (deg-F) ";TAMB
280 IF OPT2 <> 4 THEN GOTO 290
INPUT "ENTER AMBIENT PRESSURE (PSI) ";PAMB
290 IF OPT2 <> 5 THEN GOTO 305
Z 295 INPUT "ENTER STARTING PRESSURE (PSI) ";PO
300 PO=PO+PAMB
305 IF OPT2 <> 6 THEN GOTO 320
310 INPUT "ENTER CHARGE PRESSURE (PSI) ";PCHARGE
- 315 PCHARGE=PCHARGE+14.7
k- 320 IF OPT2 <> 7 THEN GOTO 340
- 325 INPUT "ENTER X LOCATION (IN) ";X
: 330 L2 = SQRT(X"2+Y"2)
. 335 GAMMA = ATN(-X/Y) + PI/2.0
by o 340 IF OPT2 <> 8 THEN GOTO 360
' 345 INPUT "ENTER Y LOCATION (IN) ";Y
- 350 L2 = SQRT(X"2+Y"2)
b; 355 GAMMA = ATN(-X/Y) + PI/2.0
~ 360 IF OPT2 = 9 THEN RETURN
365 GOTO 185
" 370 rem CHANGE ELEVATION CYLINDER PARAMETERS MODULE
)} - 375 PRINT "WOULD YOU LIKE TO:"
R 380 PRINT " CHANGE DRIVING FUNCTION, CURRENT = ":DR
' 385 PRINT CHANGE MAXIMUM MANUAL PRESSURE, CURRENT = ";PC
T 390 PRINT CHANGE CONTROL ORIFICE SIZE, CURRENT = ";OR
< 395 PRINT CHANGE STARTING DECELERATION PRESSURE, CURRENT = ";PS
400 PRINT CHANGE MAXIMUM DECELERATION TORQUE, CURRENT = ".TS
. 405 PRINT CHANGE ENERGY STORAGE ACCUMULATOR GAS VOLUME, CURRENT = ":VA
v, 410 PRINT CHANGE ENERGY STORAGE ACCUMULATOR GAS PRESSURE, CURRENT = ";PA
A 415 PRINT CHANGE ELEVATION CYLINDER PISTON DIAMETER, CURRENT = ".PI
420 PRINT CHANGE GAIN VALUE, CURRENT = ":GA
" 425 PRINT . CHANGE ROD DIAMETER, CURRENT = " ;RO
k& 430 PRINT "11. RETURN TO MAIN MENU"
435 PRINT "(ENTER NUMBER) "
, 440 INPUT OPT3
;K 445 IF OPT3 <> 1 THEN GOTO 485
) 450 PRINT "WOULD YOU LIKE TO USE:" TL/
455 PRINT "1. MANUAL ELEVATION" 2&
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PRINT "2. ENERGY RECOVERY ELEVATION"
PRINT "(ENTER NUMBER)} "

INPUT OPTA4

IF OPT4 = 1 THEN DRIVERS="MANUAL"

IF OPT4 = 2 THEN DRIVERS$S="ENERGY RECOVERY"
IF OPT3 <> 2 THEN GOTH 500

INPUT "ENTER PEAK MANUAL PRESSURE (PSI)
PCYLMAX=PCYLMAX+PAMB

IF OPT3 <> 3 THEN GOTO 510

INPUT "ENTER CONTROL ORIFICE SIZE (IN)
IF OPT3 <> 4 THEN GOTO 525

INPUT
PSTART=PSTART+PAMB

IF OPT3 <> 5 THEN GOTO 540
INPUT
TSTOPMAX = TSTOPMAX * 12.0

IF OPT3 <> 6 THEN GOTO 550

INPUT "ENTER ACCUMULATOR GAS VOLUME (CU-IN)
IF OPT3 <> 7 THEN GOTO 565

INPUT "ENTER ACCUMULATOR GAS PRESSURE (PSI)
PAI=PAI+PAMB
IF OPT3 <> 8
INPUT "ENTER

THEN GOTO 575
PISTON DIAMETER (IN)
IF OPT3 <> 9 THEN GOTO 585
INPUT "ENTER GAIN " ,GAIN

IF OPT3 <> 10 THEN GOTO 595
INPUT "ENTER ROD DIAMETER (IN)
IF OPT3 = 11 THEN GOTO 100
GOTO 370

rem CHANGE SYSTEM PARAMETERS MODULE
PRINT "WOULD YOU LIKE TO:"

PRINT "1l. CHANGE
PRINT "2. CHANGE
PRINT "3. CHANGE
PRINT "4. CHANGE

",PISDIA

" ,RODDIA

ENDING ELEVATION,
DATA SAMPLING INTERVAL,
CONVERGENCE TOLERANCE,
PRINT "5. CHANGE DATA CAPTURE FILE NAME,
PRINT "6. RETURN TO MAIN MENU"
PRINT "(ENTER NUMBER)"
INPUT OPT5
IF OPTS <> 1 THEN GOTO 670
INPUT "ENTER STARTING ELEVATION (DEGREES)
THETAO=THETAO*DEG_TO_RAD
IF OPTS5 <> 2 THEN GOTO 685
INPUT "ENTER ENDING ELEVATION (DEGREES)
THETAF=THETAF*DEG TO RAD
IF OPTS <> 3 THEN GOTO 695
INPUT "ENTER
IF OPTS <> 4
INPUT "ENTER
IF OPTS <> 5
INPUT "ENTER
IF OPTS = 6
GOTO 605
rem PERFORM
rem
SWITCH1=0
TEMPP=0
ALAST=1
BLAST=13
IF DATAOUTS <>
rem
CNT% = 0

THEN GOTO 705

CONVERGENCE TOLERANCE (FT-LB)
THEN GOTO 715

THEN RETURN

SIMULATION MODULE

"NONE" THEN GOSUB 13000

"ENTER STARTING DECELERATION PRESSURE (PSI)

"ENTER MAXIMUM DECELERATION TORQUE (FT-LB)

STARTING ELEVATION, CURRENT =
CURRENT =
CURRENT =
CURRENT =
CURRENT = " ;DATAOUTS

NEW OUTPUT FILE NAME (INCLUDE EXTENSION)

", PCYLMAX

",ORIFICE

" ,PSTART

", TSTOPMAX

",VAI

", PAI

A i

" ; THETAO*RAD TO DEG

" ; THETAF*RAD_TO DEG

" ;CNTMAXS
" ;ACCMAX

", THETAO

", THETAF

DATA SAMPLING INTERVAL ",CNTMAX$%

", ACCMAX

" ,DATAOQUTS
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PSTOPMAX = PSTART/GAIN

|

|

TSTOPP = TSTOPMAX/GAIN

rem SINCE THERE ARE 2 CYLINDERS, MULTIPLY THE AREA BY 2:

AREA2 = 2.0 * PI * ({PISDIA"2/4.0) - (RODDIA"2/4.0))

AREA3 = 2.0 * PI * PISDIA"2/4.0

INPUT "DO YOU WISH TO SIMULATE DEPRESSION ALSO (Y/N) ", OPTS

VOLUMEl = 0 {
FLAG1 = 0 |
FLAG2 = 0

THETAS = THETAF

VMIN = 0,034907

GOSuUB 7000 ‘
rem GOTO 1170

GELI=GELO

PRINT ""

PRINT "ELEVATION CYCLE"

PRINT "TIME","ELEVATION","ELEVATION","EQUILIBRATOR", "ANGULAR", "OVERTURN"1
PRINT "", "" "PRESSURE" "PRESSURE" ,"VELOCITY", "TORQUE" J
PRINT "(SEC)","(DEG)" "(PSI)","(PSI)","(DEG/SEC)","(FT—LB)"

IF DATAOUTS <> "NONE" THEN PRINT #5; "" i
IF DATAOUTS <> "NONE" THEN PRINT #5; "ELEVATION CYCLE" j
IF DATAOUTS <> "NONE" THEN PRINT #5; "TIME","ELEVATION","ELEVATION",6 "EQU

IF DATAOUTS <> "NONE" THEN PRINT #5; "","" "PRESSURE" "PRESSURE", "VELOCI
IF DATAOUTS <> "NONE" THEN PRINT #5; ""
rem

rem OPEN & INITIALIZE THE OUTPUT FILES:

IF DATAOUTS <> "NONE" THEN PRINT #5; "(SEC)" "(DEG)", "(PSI)","(PSI)",“(Dl
|
GOSUB 14000 \

rem

PRINT ""

rem TME=CURRENT TIME
TME = 0

rem THETAl AND OMEGAl = CONDITIONS AT BEGINNING OF TIME STEP
SWITCH% = 0

THETA1l = THETAO

OMEGAl = 0

rem T= TIME INCREMENT TO BE GIVEN TO ITERATION MODULE

rem DT=CURRENT TIME STEP

T = DT

rem THETA1lS AND OMEGAlS = INITIAL CONDITIONS GIVEN TO ITERATION MODULE
THETA1lS = THETAl

OMEGAlS = OMEGAl

rem STME= CURRENT TIME GIVEN TO ITERATION MODULE

STME = TME
rem GO TO FORCE ITERATION MODULE:
GOSuUB 2000

THETA2 = THETA2S
OMEGA2 = OMEGA2S
rem GO TO NEXT TIME STEP

CNT% = CNT% +1
IF CNT% <> CNTMAX% THEN +OTO 1330
CNT$% =0

PRINT TME, THETA*RAD TO_DEG,PCYL-PAMB, PRESS-PAMB,OMEGA2*RAD TO DEG,OVERTU
IF DATAOUTS <> "NONE" THEN PRINT #5; TME,THETA*RAD TO_ DEG,PCYL-PAMB,PRES
rem

PRINT #6 USING "###4.44484", TME;

PRINT #6 USING "#####.48444", THETA*RAD TO DEG

PRINT 47, TME, PCYL-PAMB, PRESS-PAMB -7

PRINT #8, TME, FLOWELEV, FLOWEQUIL

rem —_—
IF THETAZ2 >= THETAF THEN GOTO 1360 éi/
IF OMEGA2 <= 0 THEN GOTO 1360
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N THETA1l = THETA2
N 1345 OMEGAl = OMEGA2
1350 TME = TME + DT
1355 GOTO 1215
ii 1360 rem GUN DEPRESSION ROUTINE
1361 SWITCH1=0
. 1362 TEMPP=0
L 1365 IF (OPTS = "N") or (OPT$ = "n") THEN GOTO 1575
- 1370 IF SWITCH% = 1 THEN GOTO 1560
1375 FLAGL =0
1380 FLAG2 =0
[ 1385 TEMP = TAMB
N 1390 OMEGA2 = 0
1395 THETA2 = THETAF
5 1400 rem GO TO DATA BASED ON TEMP & SPECIFIC VOLUME MODULE:
ey 1405 GOSUB 11000
- 1406 GOSUB 9000
1410 ENTO = ENT
1415 PRINT ""
g 1420 PRINT "PRESSURE AFTER EXTENDED TIME = ";PRESS
1421 PRINT "ELEVATION CYLINDER STROKE = ";ABS(GELF-GELO)
- 1422 PRINT "TEMPERATURE COMPENSATION VOLUME = ";VCOMP
- 1425 PRINT ""
k-o" 1430 INPUT DUMMY
1435 PRINT "DEPRESSION CYCLE"
., 1440 PRINT "TIME","ELEVATION","ELEVATION","EQUILIBRATOR", "ANGULAR", "OVERTURN"
e 1445 PRINT "","" "PRESSURE" "PRESSURE","VELOCITY", "TORQUE"
- 1450 PRINT "(SEC)" "(DEG)", "(PSI)","(PSI)","(DEG/SEC)","(FT-LBS)"
1455 PRINT "" .
- 1460 IF DATAOUTS <> "NONE" THEN PRINT #5; "PRESSURE AFTER EXTENDED TIME = ";P
il 1461 IF DATAOUTS <> "NONE" THEN PRINT #5; "ELEVATION CYLINDER STROKE = ";ABS(
1462 IF DATAOUTS <> "NONE" THEN PRINT #5; "TEMPERATURE COMPENSATION VOLUME =
1465 IF DATAOUTS <> "NONE" THEN PRINT #5; ""
1470 IF DATAOUTS <> "NONE" THEN PRINT #5; "DEPRESSION CYCLE"
. 1475 1F DATAOUTS <> "NONE" THEN PRINT #5; "TIME","ELEVATION","ELEVATION","EQU
1480 IF DATAOUTS <> "NONE" THEN PRINT #5; "","","PRESSURE","PRESSURE","VELOCI
1485 IF DATAOUTS <> "NONE" THEN PRINT #5; "(SEC)","(DEG)","(PSI)","(PSI)","(D
Il 1490 IF DATAOQUTS <> "NONE" THEN PRINT #5; ""
e 1495 rem
1500 rem REINITIALIZE:
X 1505 VOLUMEl = VOLUME
a 1510 THETAl = THETAF
= 1515 OMEGAl = 0
1520 REM TME = 0
s 1525 THETAS = THETAO
. 1530 VMIN = —VMIN
1535 GELI = GELF
. 1540 SWITCHS = 1
- 1545 rem USING "NEGATIVE" AREAS TO REVERSE THE SIGN OF THE TORQUE:
" 1550 AREA2 = ~-2.0 * PI * PISDIA"2/4.0
1555 AREA3 = -2,0 * PI * ((PISDIA"2/4.0) - (RODDIA"2/4.0))
- 1560 IF THETA2 <= THETAO THEN GOTO 1575
. 1565 GOTO 1340
- 1570 rem
1575 CLOSE #5, #6, #7, 48
-; 1580 RETURN
. 2000 rem FORCE ITERATION MODULE
2001 LOOP%=1
. 2005 rem THETA AND OMEGA = CONDITIONS SENT TO FORCE DETERMINATION MODULES
o 2010 THETA = THETALS
Ry 2015 OMEGA = OMEGALS
2020 rem GO TO FORCE DETERMINATION MODULE: zsz
k.
RPN
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GosuB 3000

PCYL1 = PCYL

rem Tl = TORQUE AT BEGINNING OF TIME STEP

rem TORQUE = TOTAL TORQUE DETERMINED BY FORCE MODULES

T1 = TORQUE

rem TM1=INITIAL MEAN FORCE GUESS

TM1 = Tl

rem ANGACCEL = ANGULAR ACCELERATION OF THE BARREL (RAD/SEC"2)
rem I = MASS MOMENT OF INERTIA OF BARREL (SLUG-FT"2)
rem NOTE: TM1 MUST BE IN FT-LB UNITS:

ANGACCEL = (TM1 / 12.0) /I

OMEGA25= OMEGAlS + ANGACCEL * T

THETA2S= THETA1lS + OMEGAlS * T + 0.5 * ANGACCEL * T"2
THETA = THETA2S

OMEGA = OMEGA2S

rem GO TO FORCE DETERMINATION MODULE:

GOosuB 3000

PCYL2 = PCYL

IF PCYL2 < 0 THEN GOTO 2125

GOTO 2130

IF PCYL1 > 0 THEN GOTO 2190

IF PCYLZ2 > 0 THEN GOTO 2140

GOTO 2145

IF PCYL1l < 0 THEN GOTO 2190

rem T2 = TORQUE AT THE END OF THE TIME STEP

T2 = TORQUE

rem TM2= NEXT MEAN TORQUE GUESS

TM2 = (T2+T1)/2

rem ACC= NUMBER USED TO CHECK PRECISION OF ITERATION
ACC = ABS(TM2-TM1l)

IF ACC <= ACCMAX THEN GOTO 2190

TM1 = TM2

IF LOOP% >= 1000 THEN PRINT "CONVERGENCE FAILURE, ACCMAX = " ;ACCMAX
IF LOOP% >= 1000 THEN GOTO 100

LOOP%=LOOP%+1

GOTO 2075

RETURN

rem FORCE DETERMINATION MODULE

rem GO TO GEOMETRY DETERMINATION MODULE:

GOsuUB 4000

rem GO TO EQUILIBRATOR FORCE DETERMINATION MODULE:

GOSUB 5000

rem GO TO ELEVATION CYLINDER FORCE DETERMINATION MODULE:
GOSUB 6000

rem TELEV = TORQUE EXERTED BY THE ELEVATION CYLINDER

rem TEQUIL= TORQUE EXERTED BY THE EQUILIBRATION CYLINDER
rem TGRAV = TORQUE EXERTED BY GRAVITY

REM GOTO OVERTURNING TORQUE MODULE

GOSUB 15000
TORQUE = TELEV + TEQUIL - TGRAV
RETURN

rem GEOMETRY DETERMINATION MODULE

rem WT = WEIGHT OF COMPONENTS TO BE ELEVATED/DEPRESSED, LBS
rem SEE SKETCHES FOR DEFINITIONS OF THE FOLLOWING PARAMETERS.
rem D, RP, GEL, RPE ARE IN INCHES NOW (5 NOV 86 LKLP).

rem

rem THE FOLLOWING VARIABLES DEFINE THE EQUILIBRATION

rem CYLINDER POSITION/PARAMETERS

ALPHA = GAMMA - THETA + .0344

DEQ = (SQRT(L1"2 + L2"2 - 2 * L1*L2 * COS(ALPHA)))

SINB = L1 * SIN(ALPHA) / DEQ ;? C&
IF SINB => 1 THEN BETA=1.5708
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4110
4120
4130
4140
4145
4150
4160
4170
4180
4190
4200
4210
4220
4221
4230
4235
4240
4250
4260
5000
5005
5010
5015
5020
5025
5030
5035
5040
5045
5050
5051
5052
5053
5055
5060
5065
5070
5075
5080
5085
6000
6005
6010
6020
6025
6030
6035
6040
6055
6060
6065
6070
6071
6075
6080
6084
6085
6086
6090
6095
6100
6105

IF SINB => 1 THEN GOTO 4130
BETA=ATN(SINB/SQR(1~-SINB*SINB))

RP = L2 * SINB

TGRAV = LCG * COS(THETA) * WT

DELT=PI-ALPHA-BETA

rem

rem THE FOLLOWING VARIABLES DEFINE ELEVATION / DEPRESSION
rem CYLINDER LOCATION

ALPHAE = GAMMAE - THETA

GEL = (SQRT(LLE"2 + L2E"2 - 2.0 *L1E*L2E * COS(ALPHAE)))
SINBE = L1E * SIN(ALPHAE) / GEL

IF SINBE => 1 THEN BETAE=1.5708

IF SINBE => 1 THEN GOTO 4230
BETAE=ATN(SINBE/SQR(1-SINBE*SINBE))

RPE = L2E * SINBE

DELTE=PI-ALPHAE-BETAE

BETA = ATN(SINBE / SQR(1 - SINBE*SINBE))

PHI = PI -~ BETA - ALPHAE

RETURN

rem EQUILIBRATOR FORCE MODULE

rem VOL = CURRENT SPECIFIC VOLUME OF THE EQUILIBRATION GAS
rem VF = FINAL VOLUME OF EQUILIBRATION GAS

VOL = (VE - ((DEQ-DF) * AREAl) - VCOMP) / MOLE

rem ENT = CURRENT ENTROPY OF EQUILIBRATION GAS

rem ENTO= INITIAL ENTROPY OF EQUILIBRATION GAS AT START OF SIMULATION
ENT = ENTO

rem GO TO DATA BASED ON SPECIFIC VOLUME & ENTROPY MODULE:
GOSUB 10000

rem PRESS = CURRENT PRESSURE OF EQUILIBRATION GAS

rem AREAl = AREA OF EQUILIBRATION PISTON

IF OMEGA = 0 THEN GOTO 5055
TEQUIL=(PRESS-PAMB) *AREAl *RP-(OMEGA/ABS(OMEGA) ) *2500*RP
GOTO 5060

TEQUIL = (PRESS-PAMB) * AREAl * RP

rem

rem FLOWEQUIL = FLOWRATE THRU EQUILIBRATION CYLINDER (GAL/MIN)
rem VELD = VELOCITY ALONG D (IN/S). FROM THE GEOMETRY:
VELD = L1 * OMEGA * (SIN(ALPHA) * L2)/DEQ

FLOWEQUIL = (VELD * AREAl * 60.0 / 231.0)

RETURN

rem ELEVATION CYLINDER FORCE MODULE

rem PRINT "ELEVATION MODULE"

REM IF DRIVERS = "MANUAL" THEN GOTO 6210
IF SWITCHY = 1 THEN GOTO 6055

IF OMEGA <= VMIN THEN GOTO 6035

GOTO 6070

IF FLAGl = 1 THEN GOTO 6380
GOTO 6070

IF OMEGA >= VMIN THEN GOTO 6065
GOTO 6070

IF FLAGl = 1 THEN GOTO 6380

IF DRIVERS = "MANUAL" THEN GOTO 6210

rem VOLUME=VOLUME OF FLUID USED SINCE START OF SIMULATION
rem ENERGY RECOVERY ROUTINE

rem FOR ELEVATION (& STATIC ANALYSIS), VOLUMEl = 0.0

rem FOR DEPRESSION, VOLUMEl = volume from elevating

SCYL = L1E * OMEGA * COS((PI/2)-PHI)

FLOWELEV = (SCYL * AREA2 * 60.0 / 231.0)

VOLUME = ABS((GELI-GEL) * AREA2) + VOLUMEl

rem PCYL = CURRENT PRESSURE IN ELEVATION CYLINDER

rem PAI = INITIAL GAS PRESSURE IN STORAGE ACCUMULATOR '
rem VAI = INITIAL GAS VOLUME IN STORAGE ACCUMULATOR ZZ
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PCYL = (((PAI)*VAI"1.4) / (VAI+VOLUME)"1.4)-.8*(FLOWELEV/(29.81*DRAG
IF PCYL < 0 THEN PCYL=0

rem ENERGY=CURRENT KINETIC ENERGY OF THE BARREL ASSEMBLY

ENERGY = 0.5 *# I * OMEGA"2

rem TSTOP= OPTIMUM TORQUE REQUIRED TO STOP THE BARREL BEFORE THETAF

rem IF THETA >= THETAF THEN RETURN

TSTOP = (ENERGY/(ABS(THETAS-THETA)-.008))*12
rem PSTOP= OPTIMUM PRESSURE REQUIRED TO STOP THE BARREL
PSTOP = ABS(TSTOP / (AREA3 * RPE)) + PAMB

rem TSTOPMAX=MAXIMUM ALLOWABLE STOPPING TORQUE
rem PSTOPMAX=MAXIMUM ALLOWABLE STOPPING PRESSURE
IF TSTOP >= TSTOPP THEN FLAGl=1l

IF PSTOP >= PSTOPMAX THEN FLAGl=1l

IF FLAGl = 1 THEN GOTO 6355

rem IF TSTOP >= TSTOPMAX THEN GOTO 6340

rem IF PSTOP >= PSTOPMAX THEN GOTO 6340

TELEV = (PCYL-PAMB) * AREA2 * RPE
rem PRINT TELEV/12.0,PCYL, "NORM" ,AREA2, RPE
GOTO 6410

rem MANUAL POWER ROUTINE

rem PHI = ANGLE BETWEEN CYLINDER AND BARREL

rem SCYL = SPEED OF THE ELEVATION CYLINDER

SCYL = L1E * OMEGA * COS((PI/2)-PHI)

rem PCYLMAX = MAXIMUM PRESSURE POSSIBLE DURING MANUAL ELEVATION

rem FLOWELEV = FLOWRATE INTO ELEVATION CYLINDER

rem AREA2 = AREA OF ELEVATION CYLINDER PISTON

FLOWELEV = ABS(SCYL * AREA2 * 60.0 / 231.0)

PCYL = PCYLMAX-.8*(FLOWELEV/(29.81*DRAG*ORIFICE"2))"2

rem POWER = POWER BEING EXERTED BY ELEVATION CYLINDER

POWER = ABS((FLOWELEV * (PCYL+.8*(FLOWELEV/(29.81*DRAG*ORIFICE"2))"2)
VOLUME = (GELI-GEL) * AREA2

rem POWMAX = MAXIMUM POWER ALLOWABLE FOR MANUAL ELEVATION (.3 hp)

IF POWER > POWMAX THEN PCYL=ABS(POWMAX*1714/FLOWELEV)+PAMB-.8*(FLOWELEV/
ENERGY = 0.5 « T * OMEGA"2

rem TSTOP = OPTIMUM TORQUE REQUIRED TO STOP THE BARREL BEFORE THETAF
TSTOP = (ENERGY/(ABS(THETAS-THETA)-.008))*12
rem PSTOP = OPTIMUM PRESSURE REQUIRED TO STOP THE BARREL

PSTOP=ABS (TSTOP/(AREA3*RPE) ) +PAMB

rem TSTOPMAX = MAXIMUM ALLOWABLE STOPPING TORQUE

rem PSTOPMAX = MAXIMUM ALLOWABLE STOPPING PRESSURE

IF TSTOP >= TSTOPP THEN FLAGl=l

IF PSTOP >= .PSTOPMAX THEN FLAGl=1

IF FLAGl = 1 THEN GOTO 6355

rem IF TSTOP >= TSTOPMAX THEN GOTO 6340

rem IF PSTOP >= PSTOPMAX THEN GOTO 6340

IF PCYL < 0 THEN PCYL=0

TELEV = (PCYL-PAMB) * AREA2 * RPE

rem

GOTO 6410

rem DECELERATION ROUTINE

PCYL = -PSTOP * GAIN

TELEV = (PCYL+PAMB) * AREA3 * RPE

rem PRINT TELEV/12.0,PCYL,"DECEL",AREA3,RPE

GOTO 6410

rem CREEP ROUTINE

TELEV = TGRAV - TEQUIL

PCYL = ((TELEV/RPE) / (AREA2)) + PAMB

rem PRINT TELEV/12.0,PCYL,"CREEP",AREA2,RPE

GOTO 6410

RETURN o
rem INITIAL GAS AND GEOMETRIC DATA MODULE =, 0
TEMP = 72.0 '
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PRESS = PCHARGE

GOSUB 9000

MOLE = VE / VOL

rem THETAO= INITIAL POSITION
THETA = 0.0

GOSUB 4000

rem DO = INITIAL ROPE LENGTH
DO = DEQ

rem THETAF=FINAL POSITION

THETA = 72.0 * DEG_TO_RAD

GOSUB 4000

DF = DEQ

rem DF = FINAL ROPE LENGTH

THETA = THETAO

GOSUB 4000

DS = DEQ

GELO = GEL

THETA = THETAF

GOSUB 4000

GELF = GEL

rem TEMP = CURRENT TEMPERATURE

TEMP = TAMB

rem TAMB = OUTSIDE AMBIENT TEMPERATURE

rem PO = INITIAL EQUILIBRATION GAS PRESSURE
PRESS = PO

GOSUB 9000

rem TEMPO = INITIAL EQUILIBRATION GAS TEMPERATURE
rem PRESSO = INITIAL EQUILIBRATION GAS PRESSURE
rem VOLO = INITIAL EQUILIBRATION GAS SPECIFIC VOLUME
rem VOL = CURRENT EQUILIBRATION GAS SPECIFIC VOLUME
rem ENTO = INITIAL EQUILIBRATION GAS ENTROPY
rem ENT = CURRENT EQUILIBRATION GAS ENTROPY
VCOMP = VE - VOL*MOLE - ((DO-DF) * AREAL)

VOLO = (VE - VCOMP - ((DS-DF) * AREAl)) / MOLE
TEMPO = TAMB

VoL = VOLO

TEMP = TEMPO

GOSUB 11000

PRESSO = PRESS

ENTO = ENT

RETURN

rem DATA INPUT MODULE

OPEN
rem
INPUT
INPUT
INPUT
rem
INPUT
INPUT
A=]
INPUT
rem
INPUT
rem

"NITROGEN.DAT" FOR INPUT AS FILE #1

OPEN "nitrogen.eng" FOR INPUT AS FILE #1
#1,TITLES
#1,BLANKS
#1,TEMPS,T(1),T(2),T(3),T(4),T(5),T(6),T(7),T(8),T(9),T(10),T(11),
INPUT #1,TEMPS,T(1),T(2),T(3),T(4),T(5),T(6),T(7),T(8)
#1,BLANKS
#1,PRESSS

#1,P(A),V(A,1),V(A,2),V(A,3),V(A,4),V(A,5),V(A,6),V(A,T),V(A,B),V(
INPUT #1,P(A),V(A,1),V(A,2),V(A,3),V(A,4),V(A,5),V(A,6),V(A,T),V(
#1,s(Aa,1),S(A,2),S(A,3),5(A,4),S(A,5),5(A,6),S(A,7),S(A,8),S(A,9),
INPUT #1,S(A,1),S(A,2),5(A,3),S(A,4),S(A,5),5(A,6),5(A,7),S(A,8)

IF A = 45 THEN GOTO 8095

rem
A=A+1
INPUT

IF A= 9 THEN GOTO 8095

#1,BLANKS

GOTO 8050
CLOSE
RETURN

¥l
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g& 9000 rem DATA BASED ON TEMPERATURE AND PRESSURE MODULE
9005 PRESS=PRESS/100
9010 A=1
9015 IF P(A) >= PRESS THEN GOTO 9035
i 9020 A=A+l
9025 IF A > 45 THEN GOTO 9155

9030 GOTO 9015

o 9035 PH=P(A)
Vi 9040 PL=P(A-1)
‘- 9045 B=1
9050 IF T(B) >= TEMP THEN GOTO 9070
! 9055 B=B+l
9060 IF B > 14 THEN GOTO 9155
9065 GOTO 9050
- 9070 TH=T(B)
9075 TL=T(B-1)
o 9080 S1lL=S(A-1,B-1)
9085 S1H=S(A-1,B)
9" 9090 S2L=S(A,B-1)
X 9095 S2H=S(A,B)
e 9100 SL=S1L+((PRESS-PL)/(PH-PL))*((S2L-S1lL))
9105 SH=F1H+( (PRESS-PL)/(PH-PL))*((S2H-S1H))
) 9110 ENT SL+(ABS(TEMP-TL)/ABS(TH-TL))*ABS(SH-SL)
Y 9115 v1L:-V(A-1,B-1)

9120 V1H=V(A-1,B)
9125 V2L=V(A,B-1)
J 9130 V2H=V(A,B)
9135 VL=V1L+((PRESS-PL)/(PH-PL))*((V2L-V1L}))
9140 VH=V1H+({PRESS-PL)/(PH-PL))*((V2H-V1H))
- ( 9145 VOL=VL+ (ABS(TEMP-TL)/ABS(TH-TL) ) *ABS(VH-VL)
i 9150 GOTO 9160
9155 PRINT "DATA POINT OUT OF RANGE, PRESS = ";PRESS,"TEMP = " ;TEMP
9160 PRESS=PRESS*100
§; 9165 RETURN
Ny

10000 rem DATA BASED ON SPECIFIC VOLUME AND ENTROPY MODULE
10001 IF TEMPP > -100 THEN GOTO 10010
10002 PRESS=PAMB
! 10003 GOTO 10480
10010 SWITCH1=0
10020 DIFFP=100000

.. 10030 A=l
W 10040 B=13
A 10050 REM B= 8
10060 IF V(A,B) =< VOL THEN GOTO 10080
10070 GOTO 10090
ﬁa 10080 IF V(A,B+1) > VOL THEN GOTO 10180
g 10090 B=B-1
10100 IF B <= 0 THEN GOTO 10120
e 10110 GOTO 10060
K 10120 B=13
10130 REM B= 8
. 10140 A=A+l
X 10150 IF A >= 45 THEN GOTO 10300
5% 10160 REM IF A >= 9 THEN GOTO 10140

10170 GOTO 10060

o, 10180 IF S(A,B) =< ENT THEN GuTO 10200

i‘ 10190 GOTO 10090
10200 REM IF S(A-1,B+1) > ENT THEN GOTO 10071
10210 REM GOTO 10020

e 10220 DIFF=ABS((VOL-V(A,B))/(V(A,B+1)-V(A,B))-(ENT-S(A,B))/(S(A,B+1)-S(A,B)))
e 10230 IF DIFF < DIFFP THEN GOTO 10250
10240 GOTO 10090 0
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10250
10260
10270
10280
10290
10300
10310
10320
10330
10340
10350
10360
10370
10380
10390
10400
10410
10420
10430
10440
10450
10460
10461
10470
10480
10481
10482
10483
10484
10485
10486
11000
11005
11015
11020
11025
11030
11035
11040
11045
11050
11060
11065
11070
11075
11080
11085
11090
11095
11100
11105
11110
11115
11120
11125
11130
11135
11140
11145
11150
11155

DIFFP=DIFF
AA=R
BB=B
SWITCH1l=1
GOTO 10090
IF SWITCH1 = 0 THEN GOTO 10460
A=AA

B=BB

C=A+1

D=B+1
TV1=T(B)+((VOL-V{(A,B))*(T(B+1)-T(B))/(V(A,B+1)-V(A,B)))
TV2=T(D)+( (VOL-V(C,D))*(T(D+1)-T(D))/(V(C,D+1)-V(C,D)))
TS1=T(B)+( (ENT-S(A,B))*(T(B+1)-T(B))/(S(A,B+1)-S(A,B)))
TS2=T(D)+( (ENT-S(C,D))*(T(D+1)-T(D))/(S(C,D+1)=-S(C,D)))
MV=(TV2-TV1)/(P(C)-P(A))

BV=TV1-(MV*P(A))

MS=(TS2-TS1)/(P(C)-P(A))

BSS=TS1-(MS*P(A))

TEMP=(BV-( (MV*BSS)/MS))/(1-(MV/MS))

PRESS=( TEMP-BSS)/MS

GOTO 10470

PRINT "DATA POINT OUT OF RANGE, VOL = ";VOL,"ENT = ";ENT
GOTO 10002

PRESS=PRESS*100

PRESSP=PRESS

VOLP=VOL

IF TEMP < TEMPP THEN TEMPP=TEMP

ENTP=ENT

ALAST=A

BLAST=B

RETURN

rem DATA BASED ON TEMPERATURE AND SPECIFIC VOLUME MODULE
B=14

A=1

IF T(B) < TEMP THEN GOTO 11040

B=B-1

IF B <= 0 THEN GOTO 11160

GOTO 11020

IF V(A,B) ¢ VOL THEN GOTO 11065

A=A+l

IF A > 45 THEN GOTO 11160

GOTO 11040

C=A+1

D=B+1
TV1=T(B)+((VOL-V(A,B))*(T(B+1)-T(B))/(V(A,B+1)-V(A,B)))
TV2=T(D)+((VOL-V(C,D))*(T(D+1)-T(D))/(V(C,D+1)-V(C,D)))
MV=(TV2-TV1)/(P(C)-P(A))

BV=TV1-(MV#*P(A))

PRESS=(TEMP-BV) /MV

PH=P(A+1)

PL=P(A)

THaT(B+1)

TL=T(B)

SlL=S(A,B)

S1H=S(A,B+1)

S2L=S(A+1,B)

S2H=S(A+1,B+1)
SL=S1L-(ABS(PRESS-PL)/ABS(PH-PL))*(ABS{S2L-S1L)})
SH=S1H-(ABS(PRESS-PL)/ABS(PH-PL))*(ABS(S2H-S1H))
ENT=SL+(ABS(TEMP-TL) /ABS(TH-TL) ) *ABS(SH-SL)

GOTO 11165

PRINT "DATA POINT OUT OF RANGE, TEMP = ";TEMP,"VOL = ";VOL
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PRESS=PRESS*100

RETURN

rem STATIC ANALYSIS MODULE

TEMPP=0

rem

IF DATAQUTS <> "NONE" THEN GOSUB 13000

FLAG1 = 0

ALAST=1

BLAST=13

FLAG2 = 0

MATCHTOT = 0

MATCHMAX = 0

PSTOPMAX = PSTART/GAIN

rem SINCE THERE ARE 2 CYLINDERS, MULTIPLY THE AREA BY 2:
AREA2 = 2.0 ~» PI * ((PISDIA"2/4.0) - (RODDIA"2/4.0))
AREA3 = 2.0 * PI * PISDIA"2/4.0

OMEGA = 0

PRINT "THETA","TGRAV","TEQUIL","TELEV","PRESS","TEQUILA"
PRINT " "

IF DATAOUTS <> "NONE" THEN PRINT #5; "THETA","TGRAV","TEQUIL","TELEV","

IF DATAOUTS <> "NONE" THEN PRINT #5; " "

rem

OPEN "STATIC.GRL" FOR OUTPUT AS FILE %2

PRINT #2,"TITLE STATIC ANALYSIS RESULTS - Nitrogen"

TIMENOWS = TIMES(0)

PRINT #2,"SUBTITLE ";DRIVERS;" ";TODAYS$;" ";TIMENOWS

PRINT #2,"HORIZONTAL LABEL THETA (degrees)"

PRINT #2,"VERTICAL LABEL TORQUE (ft-1b)"

PRINT #2,"Y LEGEND gravity"

PRINT #2,"Y LEGEND equilibration”

PRINT #2,"Y LEGEND elevation"

PRINT #2,"Y LEGEND dyn equil"

PRINT #2,""

PRINT #2, "C THETA";" TGRAV" ;" TEQUIL";" TELEV";" DYNELEV
rem GO TO INITIAL GAS & GEOMETRIC DATA MODULE:

GOSUB 7000

THETA = -5.0 * DEG_TO_RAD

GOSUB 4000

VOL = (VE - ((DEQ-DF) * AREAl) - VCOMP) / MOLE

ENT=ENTO

GOSUB 10000

TEQUILA=(PRESS-PAMB) *AREA1*RP

Pl=PRESS

Tl=TEMP

V1=vVOL

S1=ENT

TEMP = TAMB

GOSUB 11000

TEQUIL= (PRESS-PAMB)*AREA1*RP

rem FOR ELEVATING ONLY:

VOLUME = ABS(GELI - GEL) * AREA2

rem ASSUME STATIC ANALYSIS IS ISOTHERMAL:

PCYL = (PAI * VAI) / (VAI + VOLUME)

TELEV= (PCYL-PAMB) * AREA2 * RPE

MATCH=ABS ( TGRAV-TEQUIL)

MATCHTOT=MATCHTOT+MATCH

IF MATCH > MATCHMAX THEN MATCHMAX=MATCH

PRINT THETA*RAD TO DEG,TGRAV/12.0,TEQUIL/12.0,TELEV/12.0,PRESS-PAMB,TEQ
IF DATAOUTS <> "NONE" THEN PRINT #5; THETA*RAD_TO_DEG,TGRAV/12.0,TEQUIL
rem

PRINT #2 USING "###4.4#4", THETA*RAD TO_DEG; >
PRINT #2," "; W)
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13085

13087
' 13090
. 13092
13095
13097
13100
13105
13110
13115
13117
13120
13122
, 13125
o 13127

13130
- 13132
- 13135
13137
13140
13142
13145
13147
13150
13152
13155
13157

L
BhN,

.'.H

f L
-

B

. !
"l "'

A

PR
t'f.?‘

3

P ey
L} ala Rl

]

3&

PRINT #2 USING "####44%.8-",TGRAV/12.0;

PRINT $2 USING "###4##%.4-",TEQUIL/12.0;

PRINT #2 USING "##488%%.%-",TELEV/12.0;

PRINT #2 USING "$####4##%.4-",TEQUILA/12.0

rem

IF THETA >= 72.0 * DEG_TO RAD THEN GOTO 12230

THETA = THETA + 1.0 * DEG_TO_RAD

GOTO 12130 -

CLOSE #2, #5

PRINT "AVERAGE EQUILIBRATION MISMATCH = ";MATCHTOT/(78%12)

PRINT "MAXIMUM EQUILIBRATION MISMATCH = ";MATCHMAX/12

PRINT "ELEVATION CYLINDER STROKE = " ;ABS(GELF-GELO)

RETURN

rem WRITING DESIGN PARAMETERS TO OUTPUT FILE DATAQUTS:

rem Module added 3 November 1986. LKLP

rem

OPEN DATAOUTS FOR OUTPUT AS FILE #5

IF OPT1l = 4 THEN PRINT #5;"DYNAMIC ANALYSIS"

IF OPT1l = S THEN PRINT #5;"STATIC ANALYSIS"

rem

TIMENOWS = TIMES(0)

PRINT #5; DRIVERS;" ELEVATION : " . TODAYS;" " . TIMENOWS

PRINT #5; " "

PRINT #5; "EQUILIBRATION CYLINDER PARAMETERS: "

PRINT $5; "o "

PRINT #5; "PISTON AREA IN"2 "

PRINT #5 USING "#####4.8%4", AREAl

PRINT #5; "EQULIBRATOR VOLUME IN"3 ",

PRINT #5 USING "###4%%.%%", VE

PRINT #5; "AMBIENT TEMPERATURE deg-F ",

PRINT #5 USING "####4%.84", TAMB

PRINT 45; "AMBIENT PRESSURE LB/IN"2 ";

PRINT #5 USING "####%%.4%", PAMB

PRINT #5; "STARTING PRESSURE AT 0 Q.E. LB/IN"2 ";

PRINT #5 USING "###844.%4", PO-PAMB

PRINT #5; "CHARGE PRESSURE AT 72 deg-F & 14.7 PSI LB/IN"2 ";

PRINT $#5 USING "####%#%.44", PCHARGE-14.7

PRINT #5; "X LOCATION OF WIRE ROPE INCH "

PRINT 45 USING "##8##4. 83", X

PRINT #5; "Y LOCATION OF WIRE ROPE INCH ",

PRINT #5 USING "S#%#88. 88", Y

PRINT %5; " "

PRINT #5; "ELEVATION CYLINDER PARAMETERS: "

PRINT 2#5; "—ecm e e e - "

PRINT #5; "MAXIMUM MANUAL PRESSURE LB/IN"2 ";

PRINT $#5 USING "####4%.8%4", PCYLMAX-PAMB

PRINT #5; "MAXIMUM MANUAL POWER INPUT HP "

PRINT #5 USING "#4844%.28%4", POWMAX;

PRINT $#5; "STARTING DECELERATION PRESS LB/IN"2 ";

PRINT #5 USING "§##%%%.888%", PSTART-PAMB

PRINT #5; "MAXIMUM DECELERATION TORQUE FT-LB ";

PRINT #5 USING "###44%.888", TSTOPMAX/12.0

PRINT $5; "ENERGY STORAGE ACCUMULATOR GAS VOLUME IN"3 ";

PRINT #5 USING "#388$4%%.433%", VAI

PRINT #5; "ENERGY STORAGE ACCUMULATOR GAS PRESSURE LB/IN"2 ";

PRINT #5 USING "##%8%4.443%", PAI-PAMB

PRINT #5; "PISTON DIAMETER INCH ";

PRINT #5 USING "##%%%%. 8384, PISDIA

PRINT #5; "ROD DIAMETER INCH "

PRINT #5 USING "##8%84.48%4", RODDIA

PRINT #5; "GAIN VALUE "3

PRINT #5 USING "#48%8%.884%", GAIN 7
[
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M 13160 PRINT #5; " "

GV 13165 PRINT #5S; "SYSTEM PARAMETERS: "

;. 13170 PRINT #5; "—cm—rmemm——————— "

. 13175 PRINT #5; "STARTING ELEVATION (THETAO) DEGREES ",
- ‘ 13177 PRINT #5 USING "####44.444", THETAO*180.0/PI

‘ 13180 PRINT #5; "ENDING ELEVATION ( THETAS) DEGREES ",
“ 13182 PRINT 85 USING "###%44%.444", THETAF*180.0/PI

AR 13185 PRINT #5; "ELEVATING WEIGHT LBS "
N 13187 PRINT #5 USING "##4#44%. 833", WT

Y 13190 PRINT #5; "MASS MOMENT OF INERTIA (I) SLUG-FT 2 ";

13192 PRINT #5 USING "##44%%. 833", I
13195 PRINT #5; " "
13200 renm
13205 RETURN
14000 rem MODULE TO OPEN & INITIALIZE OUTPUT FILES:
14005 rem
14010 TIMENOWS = TIMES(O0)
14015 rem
14030 rem FILE FOR THETA -vs- TIME:
14035 OPEN "DYNTHETA.GRL" FOR OUTPUT AS FILE #6
14040 rem
14045 PRINT #6,"TITLE DYNAMIC ANALYSIS RESULTS - Nitrogen"
14050 PRINT #6,"SUBTITLE ";DRIVERS;" " ; TODAYS;" " ; TIMENOWS
14055 PRINT QG,"HORIZONTAL_LABEL TIME (seconds)”
14060 PRINT #6,"VERTICAL LABEL THETA (degrees)"
14065 PRINT #6,"Y LEGEND Elevation Angle"
14070 PRINT %6,""
14075 PRINT #6,"C TIME","ELEVATION"
14080 PRINT #6,"C (sec)","(degrees)"
( 14085 PRINT #6,""
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“ 14090 rem
14095 rem FILE FOR PCYL & PRESS -vs~ TIME:
14100 OPEN "DYNPRESS.GRL" FOR OUTPUT AS FILE #7
14105 rem
r{ 14110 PRINT &7,"TITLE DYNAMIC ANALYSIS RESULTS - Nitrogen"
14115 PRINT #7,"SUBTITLE ";DRIVERS;" ":TODAYS;" " ;TIMENOWS
14120 PRINT i7,"HORIZONTAL’LABEL TIME (seconds)"
! 14125 PRINT #7,"VERTICAL LABEL PRESSURES (PSI)"

- O b -

14130 PRINT #7,""
14135 PRINT '7,"Y_LEGEND PCYL : Elev"
14140 PRINT #7,"Y LEGEND PRESS : Equil"”
14145 PRINT $7,""
14150 PRINT #7,"C ", "ELEVATION","EQUILIBRATOR"
14155 PRINT #7,"C TIME", "PRESSURE", "PRESSURE"
g: 14160 PRINT #7,"C (SEC)","(PSI)", "(PSI)"
8 14165 PRINT %7,""
p) o 14170 rem
14175 rem FILE FOR FLOWRATE -vs- TIME:
'ﬂ 14180 OPEN "DYNFLOW.GRL" FOR OUTPUT AS FILE #8
o 14185 rem
14190 PRINT #8,"TITLE DYNAMIC ANALYSIS RESULTS - Nitrogen"
. 14195 PRINT #8,"SUBTITLE ";DRIVERS;" " TODAYS;" "; TIMENOWS
- fﬁ 14200 PRINT CB,”HORIZONTAL_LABEL TIME (seconds)"”
(R 14205 PRINT #8,"VERTICAL LABEL FLOWRATE (gal/min)"
" 14210 PRINT #8,"" -
JER 14215 PRINT #8,"Y_LEGEND Elevation"
\ i% 14220 PRINT QB,“Y_LEGEND Equilibration”
14225 PRINT #8,""
. 14230 PRINT #8,"C TIME", "FLOWELEV", "FLOWEQUIL"
e 14235 PRINT #8,"C (SEC)","(GPM)", "(GPM)"
- 14240 PRINT #8,""

N 14245 rem ;,Zl/
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RETURN

REM OVERTURNNING TORQUE CALCULATION MODULE
OTEQUIL=(TEQUIL/RP)*L3*SIN(BETA+LAMS)
OTELEV=(TELEV/RPE)*L3E*SIN(BETAE+LAMES)
FTX=(TEQUIL/RP)*COS(DELT-THETA)+(TELEV/RPE) *COs(DELTE-THETA)
FTY=(TEQUIL/RP)*SIN(THETA-DELT)-(TELEV/RPE)*SIN(DELTE-THETA)+WT
OTRUN=FTY*15-FTX*20

OTGRAV=111485

OVERTURN=OTGRAV+OTELEV+0OTEQUIL+OTRUN

RETURN

END
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STATIC ANALYSIS RESULTS

ENERGY RECOVERY  05-Mar-87 11:42 AM

Nitrogen
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.=~ STATIC ANALYSIS
38 ENERGY RECOVERY ELEVATION : 05-Mar-87 11:12 aM
EQUILIBRATION CYLINDER PARAMETERS:
Z} PISTON AREA IN"2 5.52
EQULIBRATOR VOLUME IN"3 1200.00
~ AMBIENT TEMPERATURE deg-F -25.00
L 2 IENT PRESSURE LB/IN"2 14.70
i' BALANCE PRESSURE LB/IN"2 5414.00
BALANCE POSITION DEG 0.00
~ CHARGE PRESSURE AT 70 deg-F & 14.7 PSI LB/IN"2 2690.00
S X LOCATION OF WIRE ROPE INCH -2.00
#% Y LOCATION OF WIRE ROPE INCH 35.50
!! ELEVATION CYLINDER PARAMETERS:
" MAXIMUM MANUAL PRESSURE LB/IN"2 3000.000
~ MAXIMUM MANUAL POWER INPUT HP 0.300
»2 STARTING DECELERATION PRESS LB/IN"2 3000.000
©=. MAXIMUM DECELERATION TORQUE FT-LB 10000.000
ENERGY STORAGE ACCUMULATOR GAS VOLUME IN"3 2500.000
o ENERGY STORAGE ACCUMULATOR GAS PRESSURE LB/IN"2 3000.000
- PISTON DIAMETER INCH 3.000
‘"~ ROD DIAMETER INCH 1.500
GAIN VALUE 0.650
e
;j SYSTEM PARAMETERS:
STARTING ELEVATION (THETAO) DEGREES 0.000
%> ENDING ELEVATION (THETASf) DEGREES 72.000
2y ELEVATING WEIGHT LBS 6348.450
MASS MOMENT OF INERTIA (I) SLUG-FT"2 40176.600
25 T ~TA TGRAV TEQUIL TELEV PRESS
-5 85740.5 86374.4 38449.8 5558.42
~, -4 85858.4 86349.6 38809.1 5527.17
:4- -3 85950.1 86306.1 39162.7 5496.53
b
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) 86015.6 86244 . 39510.7 5466.48

0 )
-1 86054.9 86163.4 39852.7 5437.02 42
g o ~-.213443E-06 86068.1 86272.6 40188.7 5421.22
S| 86054.9 85996.8 40518.5 5382.93
o 2 86015.6 85704.6 2°§§§’2 2383'21
S 85950.1 85396.5 1 . .
" 3 85858. 4 85072.4 41468.6 5272.56
, 85740.5 84732.7 41771.7 5237.23
: ‘. 6 85596.6 84377.4 42067.6 5202.62
7 85426.5 84006.6 42356.2 5168.71
8 85230.4 83620.6 42637.2 5135.49
gl T 9 85008.4 83219.5 42910.4 5102.94
@ Sv10 84760.5 82803.3 43175.6 5071.07
4 11 84486.7 82779.1 :gggi.g gggg.gi
' 12 84187.3 82183.6 . )
. 83862.1 81576.1 43921 4986.1
3 !5 ii 83511.5 80957 44152 4948
! 15 83135.4 80326.3 44373.7 4910.7
kY .., 16 82733.9 79684.2 44585.9 4874.18
oo 17 82307.3 79030.7 44788.4 4838.43
- 1g 81855.6 78366.1 44980.9 4803.44
19 81378.9 77690.5 45163.1 4769.18
< 20 80877.5 77003.9 45334.6 4735.66
o2 80351.5 76306.4 45495.3 4702.86
T 22 79800.9 76139.4 45644.7 4704.2
3 23 79226.1 75286.9 42783'2 :ggg.gé
AN 27.4 45908. )
R 24 78627.1 744
p 78004.1 73561 46022.2 4588
g = %2 77357.5 72687.7 46123.3 4550.94
- .. 27 76687.2 71807.7 46211.4 4514.71
Y 75993.6 70921.1 46286.2 4479.27
> 29 75276.8 70028.1 46347.2 4444.62 )
; 30 74537.1 69128.6 46394.2 4410.75
v 73774.7 68222.8 46426.5 4377.63
B 72989.9 67310.8 46443.9 4345.27
33 72182.7 67050.6 46445.9 4356.39
& 34 71353.6 66013 46432.1 431°.37
L 2. 35 70502.8 64973.2 46401.9 4281.22
A 1 69630.5 63931.3 46355 4244.93
T 39 68737 62887.3 46290.9 4209.49
& 38 67822.5 61841.5 :gigg . :izg.gg
66887.4 60793.8 ) )
!! ig 65931.9 59744.3 45990.1 4108.13
; 41 64956.4 58693.1 45852 4075.96
o 42 63961 57640.2 45694.1 4044.56
M, e 43 62946.2 56585.6 45515.9 4013.94
© 44 61912.2 56308.8 45316.9 4039.99
§ 45 60859.3 55159 45096.4 4004.86
o 46 59787.9 54011.5 44854 3970.61
s . 47 58698 .3 52866.4 44589 3937.25
X 48 57590.8 51723.8 44300.9 3904.76
ks ... 49 56465.7 50583.5 43989.2 3873.11
Vw50 55323.5 49445.6 43653.1 3842.31
k]l w5 54164.4 48310.2 43292.3 3812.34
52 52988.8 47177.2 42906 3783.19
r .. 53 51797 46046.6 42493.8 3754.84
K2 o 54 50589.5 44918.4 42055.1 3727.3
= 55 49366.6 43792.7 41589.3 3700.54
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i‘ 58 45609.1 41108.9 40024.1 3685.79
59 44328.3 39929.7 39444.7 3657.65
i 60 43034 38756.1 38835.7 3630.39 43
s 61 41726.6 37588.1 38196.6 3603.99
‘e 62 40406.5 36425.5 37527.2 3578.46
63 39074 35268.3 36826.9 3553.78
T 37729.7 34116.3 36095.4 3529.94
. . 36373.9 32969.4 35332.6 3506.94
66 35007 31827.6 34538.1 3484.76
. 67 33629.4 30690.7 33711.7 3463.4 :
: . 68 32241.6 29558.6 32853.4 3442.85 i
k- 69 30844 28431.2 31963.2 3423.1 :
b - 70 29437 27308.3 31040.9 3404.15 :
{ 71 28021 26189.8 30086.8 3385.98
» 72 26596. 4 25075.5 29101 3368.6
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STATIC ANALYSIS RESULTS -
ENERGY RECOVERY  O5-Mar-87 11:43 AM
JTHOUSANDS

Nitrogen
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STATIC ANALYSIS
ENER 'Y RECOVERY ELEVATION : 05-Mar-87 11:
EQUILIBRATION CYLINDER PARAMETERS:
PISTON AREA IN"2
EQULIBRATOR VOLUME = .., .. IN"3
AMBIENT TEMPERATURE deg-F
2 'IENT PRESSURE LB/IN"2
B...ANCE PRESSURE LB/IN"2
BALANCE POSITION DEG 0
CHARGE PRESSURE AT 70 deg-F & 14.7 PSI LB/IN"2
X LOCATION OF WIRE ROPE INCH
Y LOCATION OF WIRE ROPE INCH
ELEVATION CYLINDER PARAMETERS:
MAXIMUM MANUAL PRESSURE LB/IN"2
MAXIMUM MANUAL POWER INPUT HP
STARTING DECELERATION PRESS LB/IN"2
MAXIMUM DECELERATION TORQUE FT-LB
ENERGY STORAGE ACCUMULATOR GAS VOLUME IN"3
ENERGY STORAGE ACCUMULATOR GAS PRESSURE LB/IN"2
PISTON DIAMETER INCH
ROD DIAMETER INCH
GAIN VALUE
SYSTEM PARAMETERS:
STARTING ELEVATION (THETAO0) DEGREES
ENDING ELEVATION ( THETAL) DEGREES
ELEVATING WEIGHT LBS
MASS MOMENT OF INERTIA (I) SLUG-FT"2
TUETA TGRAV TEQUIL TELEV
-5 85740.5 85606.4 38449.8
-4 85858.4 85743.1 38809.1
-3 85950.1 85857.2 39162.7

)

13 AM

5.52
1200.00
70.00
14.70
5414.00
.00
2690.00

3000.000
0.300
3000.000
10000.000
2500.000
3000.000
3.000
1.500
0.650

0.000
72.000
6348.450
40176.600

PRESS
5509

5488.35
5467.94
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I -2 86015.6 85948.7 39510.7 5447.77
-1 86054.9 86017.8 39852.7 5427.83
-.213443E-06 86068.1 86064.4 40188.7 5408.14 4s
1 86054.9 86088.7 40518.5 5388.68
& 2 86015.6 86090.7 40841.8 5369.47
- 3 85950.1 86070.5 41158.6 5350.51
85858. 4 86028.1 41468.6 5331.79
. 85740.5 85646 41771.7 5293.69
li 6 85596.6 85444.1 42067.6 5268.39
7 85426.5 85222.9 42356.2 5243.54
8 85230.4 84982.4 42637.2 5219.12
29 85008.4 84722.8 42910.4 5195.12
10 84760.5 84444.1 43175.6 5171.55
11 84486.7 84146.3 43432.6 5148.4
12 84187.3 83829.6 43681.2 5125.66
l! 13 83862.1 83494.1 43921 5103.33
S14 83511.5 83139.7 44152 5081.41 ]
15 83135.4 82766.6 44373.7 5059.89
- 16 82733.9 82374.8 44585.9 5038.76
17 82307.3 81964.3 44788.4 5018.03
18 81855.6 81535.2 44980.9 4997.69
19 81378.9 81087.6 45163.1 4977.72
" 20 80877.5 80621.5 45334.6 4958.14
21 80351.5 80123.9 45495.3 4938.14
22 79800.9 79492.5 45644.7 4911.37
. 23 79226.1 78847.5 45782.5 4885.22
24 78627.1 78189 45908.5 4859.68
< 25 78004.1 77517 46022.2 4834.73
26 77357.5 76831.4 46123.3 4810.38
, 27 76687.2 76132.3 46211.4 4786.6
33 28 75993.6 75419.5 46286.2 4763.38
L 29 75276.8 74693.1 46347.2 4740.71
30 74537.1 73953.2 46394.2 4718.58
3 73774.7 73199.6 46426.5 4696.98
il 5a 72989.9 72432.3 46443.9 4675.89
33 72182.7 71651.4 46445.9 4655.32
34 71353.6 70856.9 46432.1 4635.24 ‘
w35 70502.8 70048.6 46401.9 4615.65 {
36 69630.5 69226.8 46355 4596 .54
37 68737 68786. 3 46290.9 4604.35
38 67822.5 67810.6 46209 4577.86
!ﬂ 39 66887.4 66828 46108.9 4552.14
~ 40 65931.9 65838.1 45990.1 4527.16
41 64956.4 64841 45852 4502.9
. 42 63961 63836.4 45694.1 4479.34
. 43 62946.2 62824.1 45515.9 4456.48
44 61912.2 61804.3 45316.9 4434.28
45 60859.3 60776.6 45096.4 4412.73
T 46 59787.9 59741 44854 4391.82
47 58698 .3 58697.5 44589 4371.52
48 57590.8 57646 44300.9 4351.84
.. 49 56465.7 56586 . 4 43989.2 4332.75
{~ 50 55323.5 55518.7 43653.1 4314.24
w51 54164.4 54442.8 43292.3 4296.29
52 52988.8 53358.7 42906 4278.89 {
,% 53 51797 52266.5 42493.8 4262.04 E
S 54 50589.5 51166 42055.1 4245.72
55 49366.6 50057.3 41589.3 4229.91
. 56 48128.6 48940.5 41095.9 4214.61
ii ra 46876 48364.2 40574.3 4248.01
-
ol
E§




58 45609.1 47142.1 40024.1 4226.73
s 59 44328.3 45918.3 39444.7 4206.22
60 43034 44692.6 38835.7 4186.47 46

61 41726.6 43464.8 38196.6 4167.46

k- 62 40406.5 42234.8 37527.2 4149.17

;: 63 39074 41002.5 36826.9 4131.59

N 64 37729.7 39767.7 36095.4 4114.69

36373.9 38530.5 35332.6 4098.46

' 6o 35007 37290.6 34538.1 4082.89

67 33629.4 36048.1 33711.7 4067.97

68 32241.6 34802.8 32853.4 4053.67

\ 69 30844 3355%4.9 31963.2 4039.99

, 70 294137 32304.1 31040.9 4026.91

71 28021 31050.6 30086.8 4014.43

72 26596.4 29794.4 29101 4002.53
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ol STATIC ANALYSIS RESULTS - Nitrogen
NERRY ENERGY RECOVERY  05-Mar-87 {1:13 AM
: 120 [HQUEANDS

. - --=  oyn equil

' : 0 - = elevation

L equilibration

1S | — gravity
¢ » 804 TN,
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' Toey TN
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s ) (] 0
e, 14
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{2 0 -

=20 0 20 40 €0 80

= THETA (degrees)
. STATIC ANALYSIS
- | ENERGY RECOVERY ELEVATION : 05-Mar-87  11:13 AM
w
"  EQUILIBRATION CYLINDER PARAMETERS:
- | P1sTON AREA IN“2 5.52
| EQULIBRATOR VOLUME IN"3 1200.00
|*AMBIENT TEMPERATURE - deg-F 160.00
| AMBIENT PRESSURE LB/IN"2 14.70
' ANCE PRESSURE LB/IN"2  5414.00
BALANCE POSITION DEG 0.00
CHARGE PRESSURE AT 70 deg-F & 14.7 PSI LB/IN"2  2690.00
.. X LOCATION OF WIRE ROPE INCH ~2.00
7. Y LOCATION OF WIRE ROPE INCH 35.50
ELEVATION CYLINDER PARAMETERS:
M MAXIMUM MANUAL PRESSURE LB/IN"2  3000.000
" MAXIMUM MANUAL POWER INPUT HP 0.300
STARTING DECELERATION PRESS LB/IN"2  3000.000
%> MAXIMUM DECELERATION TORQUE FT-LB  10000.000
'* ENERGY STORAGE ACCUMULATOR GAS VOLUME IN"3 2500.000
ENERGY STORAGE ACCUMULATOR GAS PRESSURE  LB/IN"2  3000.000
s PISTON DIAMETER INCH 3.000
2 ROD DIAMETER INCH 1.500
. GAIN VALUE 0.650
- SYSTEM PARAMETERS:
AN mmmm e —
** STARTING ELEVATION (THETAo) DEGREES 0.000
ENDING ELEVATION  (THETAf) DEGREES 72.000
s 1+ ELEVATING WEIGHT LBS 6348.450
%, /) MASS MOMENT OF INERTIA ..) SLUG-FT"2 40176.600
., THETA TGRAV TEQUIL TELEV PRESS
- 85740.5 85325.7 38449.8 5490.93
-4 85858.4 85524.9 38809.1 5474.38

85950.1 85700 39162.7 5457.93



L e =2 86015.6 85851 39510.7 5441.57
U = -1 86054.9 85977.9 39852.7 5425.32
-.213443E-06 86068.1 86080.8 40188.7 5409.17 =
I 1 86054.9 86159.7 40518.5 5393.13
) 2 86015.6 86214.6 40841.8 5377.2
! 3 85950.1 86245.5 41158.6 5361.39
. 85858.4 86252.6 41468.6 5345.7
_ 85740.5 86235.7 41771.7 5330.13
.. 6 85596.6 86195 42067.6 5314.69
. 7 85426.5 86130.5 42356.2 5299.38
) 8 85230.4 86042.2 42637.2 5284.2
... 9 85008.4 85930.1 42910.4 5269.16
- T~ 10 84760.5 85255.9 43175.6 5221.27
SR 84486.7 85027.8 43432.6 5202.33
12 84187.3 84776.9 43681.2 5183.58
m 13 83862.1 84503.1 43921 5165.01
N .. 14 83511.5 84206.7 44152 5146.62
h, 15 83135.4 83887.8 44373.7 5128.43
» .. 16 82733.9 83546.4 44585.9 5110.43
- = 17 82307.3 83182.8 44788.4 5092.63
v 18 81855.6 82797 44980.9 5075.02
19 81378.9 82389.1 45163.1 5057.62
- 20 80877.5 81959.3 45334.6 5040.42
21 80351.5 81507.6 45495.3 5023.42
< 22 79800.9 81034.3 45644.7 5006.63
) 23 79226.1 80539.4 45782.5 4990.04
> - 24 78627.1 80023 45908.5 4973.67
w25 78004.1 79485.4 46022.2 4957.5
i 26 77357.5 78926.5 46123.3 4941.55
p 27 76687.2 78346.5 46211.4 4925.82
T 28 75993.6 77745.6 46286.2 4910.29
coM. 29 75276.8 77123.9 46347.2 4894.99
’ 30 74537.1 76481.6 46394.2 4879.9
L. T 73774.7 75465.1 46426.5 4842.35
ﬁl y) 72989.9 74727.8 46443.9 4824.08
. 33 72182.7 73971.9 46445.9 4806.08
3 34 71353.6 73197.6 46432.1 4788.57
35 70502.8 72405.1 46401.9 4770.93
36 69630.5 71594.6 46355 4753.76
;o 37 68737 70766.3 46290.9 4736.88
. 38 67822.5 69920.3 46209 4720.28
‘! 39 66887.4 69056.8 46108.9 4703.96
g7 40 65931.9 68176.2 45990.1 4687.92
41 64956.4 67278.4 45852 4672.17
.- 42 63961 66363.8 45694.1 4656.7
7 43 62946.2 65432.6 45515.9 4641.51
- 44 61912.2 64484.9 45316.9 4626.6
45 60859.3 63521 45096.4 4611.99
- 46 59787.9 62541 44854 4597.65
o 47 58698.3 61545.2 44589 4583.6
: 48 57590.8 60533.8 44300.9 4569.84
49 56465.7 59506.9 43989.2 4556 .37
o 50 55323.5 58464.9 43653.1 4543.18
" 51 54164.4 57408 43292.3 4530.28
52 52988.8 56336.3 42906 4517.67
n. 53 51797 55250.2 42493.8 4505. 34
yoT 54 50589.5 54149.8 42055.1 4493.3
e 55 49366.6 53035.3 41589.3 4481.55
Y 56 48128.6 51722.1 41095.9 4454.16
A 57 46876 50556 40574.3 4440.52
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h i& 58 45609.1 49378.5 40024.1 4427.24
59 44328.3 48190 39444.7 4414.31
A 60 43034 46990.6 38835.7 4401.73 45
» o 61 41726.6 45780.6 38196.6 4389.51
YN 62 40406.5 44560.3 37527.2 4377.64
TRE 39074 43330 36826.9 4366.11
9 ce 37729.7 42089.8 36095.4 4354.95
N 36373.9 40840 35332.6 4344.13
. 66 35007 39581 34538.1 4333.67
N 67 33629.4 38312.9 33711.7 4323.55
3 .. 68 32241.6 37036.1 32853.4 4313.79
F. -~ 69 30844 35750.9 31963.2 4304.39
o 70 29437 34457.4 31040.9 4295.33
b 71 28021 33156 30086.8 4286.63
72 26596.4 31847 29101 4278.28
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